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EVALUATION OF EFFECTS OF WEATHER MODIFICATION 
ON IOWA CORN YIELDS 1 / R. H. Shaw2 
ABSTRACT. A study was made of the possible effects of modifying July and August 
precipitation on the yield of corn in Iowa. Data from 1931 to 1970 were used in 
multiple-regression equations to predict these effects. A stress index alsowas 
used for five stations for a 15- to 17-year period to examine the effects ofprecipi-
tation modification. Results of both methods indicate that corn would be benefited 
in the majority of growing seasons by precipitation increases but that major yield 
decreases could occur if the modification decreased natural rainfall. 
INTRODUCTION 
The question as to what changes can be induced in natural precipitation due to 
cloud seeding is still debatable. The purpose of this paper is not to resolve that 
question, but to show what the effects of increases or decreases in seeding-induced 
precipitation in July and August would be on corn prcxluction in Iowa. The procedures 
used have been patterned after those used by Huff and Changnon (1972) in Illinois, to 
provide an extension of their results into a somewhat drier climate. In this study 
two types of changes in the precipitation level were used: a constant change and a 
variable change. The constant-change level assumes that the percentage change 
induced in the natural precipitation is the same, regardless of the meteorological 
situation and the amount of precipitation. The variable-change level is much more 
realistic meteorologically. In this type of modification, the change induced in the 
natural precipitation varies with the amount of precipitation. The different levels 
used by Huff and Changnon (1972) are shown in Table 1. The constant-change per-
centages shown are the net effects on total daily precipitation that would occur from 
the variable-change mcxlification given in Table 1. Level E would still underestimate 
some of the claims of commercial seeders (Business Week, 1950), while level A, 
which gave a 23 to 28% increase in precipitation in Illinois, agrees quite well with 
seeding results claimed by many commercial seeders. Level B, with a 12% increase, 
is comparable in amount to that reported by Thom (1957) for seeding under orogra-
phic conditions and for cumulus-type seeding in a number of projects summarized 
in a National Academy of Sciences - National Research Council Report (1973). Level 
C, which gave a net effect of +1% in Illinois, seems realistic in light of the Missouri 
Whitetop data (Braham and Flueck, 1970) and a number of experiments mentioned by 
Neyman, Scott, and Wells (1969). Levels Band X cover the range of possible effects 
that McDonald (1969) cited as conceivable, but not proven. Levels X and Y are in 
the range of possible decreases reported by Neyman, Scott, and Wells (1969) and by 
lJournal Paper No. J-7662 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project No. 1852, a contributing project to North Central 
Regional Project NC-94. 
2Professor, Agricultural Climatology, Agronomy Department, Iowa State University, 
Ames, Iowa 50010. 
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Table 1. Variable-change and the equivalent constant-change seeding levels used 
to modify naturally occurring precipitation. 
Daily % change in precipitation for variable-change levels precipitation 
(inches) E A B c x y z 
0.10 or less + 150 + 100 +75 +50 -50 -75 -100 
0. 11 - 0. 50 + 75 + 50 +30 +20 -30 -50 -75 
0.51-1.00 + 30 +20 +10 0 -10 -30 -50 
over 1. 00 + 10 0 -10 -20 0 -15 -30 
Equivalent 
constant-change % + 40 + 25 +12 +l -15 -30 
Neyman, Scott, and Smith (1969). Huff and Changnon (1972) found that a constant-
change modification was somewhat more effective than the equivalent variable-change 
level, giving a slightly higher yield increase, particularly in well-below-normal 
precipitation years. 
DATA AND ANALYTICAL PROCEDURES USED 
Two different procedures were used for corn-yield evaluation of seeding effects. 
One involved a weather-yield regression relationship; the other utilized a stress 
index to predict yield changes. 
In the regression study only constant-change levels were used because they 
were much simpler to compute for the different crop-reporting districts. The five, 
constant-change seeding levels given in Table 1 were used. For each level the ap-
propriate changes were made in July and August rainfall, with the same percentage 
change used for both months for all years of record for each level tested. Data were 
used for the 40-year period, 1931 to 1970. 
Thompson (1962, 1963, 1966, 1969) has studied intensively the relation between 
weather and crop yields in the Corn Belt. His equations have fitted the data extremely 
closely. The variables he used are hybrid effect, fertilizer effect, and the deviation 
from normal and deviation squared of preseason precipitation, June temperature and 
precipitation, July temperature and precipitation, and August temperature. His 
equations were modified for this particular study. It was necessary to include an 
August precipitation factor because this was one of the variables of the study. Also, 
because changes in precipitation induced by the models resulted in amounts beyond 
the actual data, because Thompson's regression analysis (1966) shows a much greater 
effect for below-normal July rainfall, and because I believe on a physiological and 
climatological basis that decreases below normal should have a greater effect than 
increases above normal, the deviation-squared terms for July and August were each 
divided by the precipitation for that month. This increases the effect of below-normal 
precipitation relative to above-normal. The regression equation using these terms 
was compared with Thompson's equation with the deviation-squared terms and gave 
almost identical correlations with yield. Although Thompson has not found the pre-
cipitation-temperature interaction terms significant in his equation, these were 
included to make the equation more comparable to that of Changnon and Huff (1971). 
The equation used here did differ from theirs in that they used several technology 
and technology-weather interaction variables in place of the direct hybrid-and-
fertilizer-effect terms included in this study. In using these equations I assumed no 
temperature effect from the seeding-induced change in precipitation. 
By use of the previously mentioned variables, a regression equation was 
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calculated for each of the nine crop-reporting districts, based on yield and clima-
tological data for the 1931 to 1970 period. Then, with use of this basic equation for 
each district, the estimated yields with natural precipitation and for each of the 
seeding-induced changes were calculated for each year, The differences between 
these values for each year and those estimated for natural precipitation provided 
the basic data for this paper. 
For the stress-index approach, five stations were used: Doon (NW), Elkader 
(NE), Ames (C), Cedar Rapids (EC), and Norwich-Shenandoah (SW). Soil-moisture 
data needed to calculate the stress index were available for a 15- to 1 7-year period. 
Daily values of soil moisture and the stress index were calculated according to Corsi 
and Shaw (1971). With this approach, yield is a function of only the stress index. 
Yield changes at an individual site will show much greater fluctuation than for crop-
reporting districts. Decreased precipitation will usually increase the stress index 
and result in a lower yield prediction. Increased precipitation may decrease the 
index down to zero, with rainfall beyond this amount having no effect on yield; i. e. , 
no reductions can occur because of excess rainfall. Unfortunately, an excess-
moisture index has not been developed that will allow yield reductions for excess 
moisture. The stress-index approach was included in use of the seven variable-
change models. The stress index was calculated for a 66-day period (Corsi and 
Shaw, 1971 ; Shaw and Felch, 1972), then yields were estimated from the equation 
developed by Corsi and Shaw, namely: y = 8616. 8 - 135. 3x where y =yield in Kg/ha 
(bu/ acre= 62. 8 Kg/ ha) and x is the stress index for the 66-day period. 
RESULTS 
Cloud-Seeding-Induced Changes in Corn Yields 
Regression analysis 
The average effects of the July-August, cloud-seeding-induced changes are 
shown in Fig. 1 for the different models and crop-reporting districts. Averaged 
ac r oss districts the effects were as follows: +12% level,+ 49 Kg/ ha; +25%level, 
+ 94 Kg/ ha; +40% level, +125 Kg/ha; -15% level, -82 Kg/ha; -30% level, -195 Kg/ ha; 
and maximum effect (best level selected for each year), + 200 Kg/ ha. Comparable 
values for six Illinois districts for the first five levels were +125, +245, +363, -138, 
and -289 Kg/ha, indicating a somewhat greater average effect in Illinois. This may 
be real or it may be due to the regression model used. No attempt was made to 
reconcile these differences. 
The northeastern and southcentral districts showed the smallest effect of in-
creased precipitation. The central crop-reporting district predicted the greatest 
effect of precipitation. No climatic reason can be found to explain the apparent effect 
in the central district, but the effect occurring in the northeast is believed to be a 
real climatic effect because the normally cooler climate and lower atmospheric 
demand result in less need for water. The effect found in the southcentral district 
is explained primarily from the poorer, heavy-textured soils in this area. Except 
for the southcentral district, the greater the increase in precipitation, the greater 
is the average yield increase; the greater the average decrease in precipitation, 
the greater is the average yield decrease. A decrease in precipitation decreased 
yield more than a comparable increase in precipitation increased yield. 
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Figure 1. Average effects of seeding- induced changes in July and August pre-
cipitation for five different levels of precipitation change in the different 
crop reporting districts. 
The effects in individual years also are important, particularly in those years 
of subnormal precipitation. A typical example is shown in Fig. 2 for the central 
district, for which actual yields and those for a 25% increase in precipitation are 
shown. Large responses were predicted for the dry years of 1936 and 1947, years 
when one of the two months had very low precipitation; but no response was predicted 
for 1934, a year in which precipitation for both months was near normal. The figure 
also shows very little response in recent years when generally good corn-growing 
weather has prevailed. 
The probability of different yield changes also should be considered. An exami-
nation of probability curves showed that those in the northwestern, northcentral, 
westcentral, central, and southwestern districts had similar patterns, although the 
yield reductions due to a 30% decrease in precipitation in the central district were 
somewhat larger. Data from these five districts were combined into one compos ite 
curve (Fig. 3). For the three levels of precipitation increase, the chance of getting 
a positive yield increase is 70%, with a 5% probability of yield increases near 250, 
~ 
:I: 
' (!) 
:w: 
0 
..J 
LU 
>-
6500 
6000 
----e PREDICTED YIELD WITH NO SEEDING 
550o~x-----x+25% RAINFALL INCREASE YIELD 
500 
2500 
2000 
1500 
I 
31 35 40 45 50 
YEAR 
55 60 65 
Figure 2. Comparison of predicted corn yields in the central crop-reporting district with no seeding with that 
predicted with a 25% increase in precipitation. 
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Figure 3. Precipitation-level comparisons of composite values of the NW, NC, WC, 
C, and SW districts. 
480, and 650 Kg/ha for the 12, 25, and 40% increase models. Average increases 
were 63, 113, and 163 Kg/ha. With proper management some of the 30% negative 
yield effects could be avoided by not seeding if the month is wet. Indeed, for about 
2 out of 3 of these years, the analyses indicate that a decrease in precipitation would 
be beneficial. Unfortunately, such a degree of control of increase or decrease in 
precipitation when desired seems impossible at present. 
The data for the northeast, southcentral, and southeast were combined as shown 
in Fig. 4. The three increase levels show about a 60% chance of a yield increase, 
with a 5% chance of yield increases of 176, 289, and 427 Kg/ha and average increases 
of 38, 49, and 69 Kg/ha for the 12%, 25%, and 40% increase levels. In most years 
when a precipitation increase would reduce yield, a precipitation decrease would 
increase yield. Decreasing precipitation would result in yield decreases in 70 to 
75% of the years. 
The eastcentral district did not have the same pattern as the other districts 
and was considered separately (Fig. 5). For this district, increased precipitation 
would nearly always predict yield increases, but maximum increases were smaller 
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Figure 4. Precipitation-level comparisons of composite values of the NE, SC, 
and SE districts. 
than those in the other districts. There was a 5% chance of increases of 138, 239, 
and 339 Kg/ha and average increases of 57, 100,and 138 Kg/ha for the 12%, 25%, 
and 40% precipitation increase levels. Decreasing precipitation nearly always pre-
dicted yield decreases. The trends of the lines for this district were similar to 
those found in Illinois, where the lines for different precipitation levels seldom 
crossed. 
The optimum situation (i.e., greatest increase or smallest decrease) was 
selected for each district for each year, then grouped as before. The largest in-
creases were predicted for the drier areas (Fig. 6). The 5% probability values 
were 672 Kg/ha for the western group, 465 for the eastern and southern groups, 
and 339 for the eastcentral district. At the higher probability levels the values 
converged close to zero. The optimum modification level requires a degree of 
control not possible at present. An even further improvement could be made if the 
best level could be selected for July and August separately. 
The economic gain or loss from each modification level was not computed 
because of present, widely fluctuating market prices. These can be obtained for 
each model, however, by using the figures presented and by selecting a suitable 
price level. If a large enough area is subjected to cloud seeding, the price per unit 
of the crop could be affected by the seeding operation. 
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Stress-index analysis 
The results for the individual stations are given in Table 2. 
Table 2. Average yield increases in Kg/ ha by use of different variable-change 
precipitation levels at five selected stations. 
Precipitation levell 
Station 
c B A E x y z 
Doon +13 +289 +597 +936 -308 -760 -1300 
Elkader -6 +138 +251 +358 -69 -201 -358 
Ames +100 +214 +352 +515 -207 -427 -327 
Cedar Rapids +75 +126 +195 +283 -138 -364 -622 
Norwich-Shenandoah +6 +132 +283 +440 -176 -446 -772 
1see Table 1 for amount of change in precipitation. 
The results were about as expected. Doon in northwestern Iowa showed the greatest 
effect; Cedar Rapids and Elkader showed the smallest effect. These results were 
expected on a climatological basis. Use of the stress-index procedure may over-
estimate the positive effect since yield changes are bounded by zero; i.e., yield 
decreases cannot occur with increased precipitation. 
Corn Compared to Soybeans 
No analysis was made of the effect of precipitation modification on soybeans. 
But effects similar to those found in Illinois should be expected where a comparable 
percentage change in yield occurs, although bushel-yield changes are greater in corn 
because of the higher yield per acre. Average yields in Iowa for the past 5 years 
have been 6230 Kg/ha (99. 2 bu/ acre) for corn and 2022 Kg/ ha (32. 2 bu/ acre) for 
soybeans. By use of these ratios, corn values as given in the figures should be 
multiplied by 1/ 3 to give yield changes in soybeans in Kg/ha or bu/ acre. 
CONCLUSIONS 
In general the results indicate that most regions in Iowa would be benefited 
economically in the majority of the growing seasons from a cloud-seeding program, 
provided that the operator had a capability to produce rainfall increases equal toor 
greater than + 12%. The results also show, however, that the operator must be able 
to define accurately the rainfall output from his seeding operation, or more damage 
than benefit can result. This is identical to the results obtained in Illinois by Huff 
and Changnon, 1972. 
Seeding effectiveness may vary from year to year and to some extent from 
region to region. Yield increases at comparable levels of precipitation increase 
are greatest in the western part of the state and smallest in the eastern part. Clima-
tically this should be expected. 
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NUTRITIONAL STATUS OF ADOLESCENT PRIMIGRA VIDAE: 
II. BLOOD INDICES DURING PREGNANCY AND POSTPARTUM1 
Pilar A. Garcia2, Wilma D. Brewer3, Carol W. Merritt4, 
and Helen B. Mead5 
ABSTRACT. Certain blood indices were compared with values suggested by the 
Interdepartmental Committee of Nutrition for National Defense (ICNND) for the 
interpretation of blood data. In the third trimester 5 of 11 younger girls (15. 0 to 
16. 9 years) had low hemoglobin values compared with only 4 of 23 older girls (17.0 
to 19. 9 years). Serum concentrations of ascorbic acid, vitamin A, carotenoids, and 
total protein were acceptable or high for a majority of the pregnant girls in both age 
groups. Other blood indices tended to be within normal range. Postpartum values 
were satisfactory and similar to values for nonpregnant girls except for serum ca-
rotenoids (significantly higher mean concentration at postpartum). Seven of the 12 
younger pregnant girls and 17 of the 25 older girls had uncomplicated labor and de-
livery. Nine younger mothers had "normal" full-term babies, compared with 23 
older mothers. 
INTRODUCTION 
A group of 38 medically indigent adolescents was studied during the first preg-
nancy (primigravidae). Estimated ages at conception ranged from 15.3 to 19.1 years 
with a mean age of 17. 4 years. Dietary characteristics during pregnancy and at 
6-weeks postpartum were compared for younger (15. 0 to 16. 9 years) and older (17. 0 
to 19. 9 years) girls and with those of nonpregnant girls. These observations have 
been reported along with details of the study (Garcia, Brewer, and Merritt, 1973). 
This report presents the hematological picture and concentrations of selected blood 
constituents of adolescent girls during their first pregnancy and at postpartum. Some 
aspects of their dietary intakes and pregnancy performance are interrelated with 
the blood findings. 
METHODS 
Fasting blood samples were obtained from 37 of the 38 pregnant adolescents. 
The blood samples were collected during the second or third trimester, or both, 
and at about 6-weeks postpartum. Written instructions sent in advance to the sub-
jects requested them not to eat breakfast and not to take vitamin and mineral supple-
ments before coming to the clinic. Similar instructions were given to 16 nonpregnant 
high school students. 
Blood samples were withdrawn from subjects by venipuncture and, occasionally, 
by finger prick. Capillary blood samples were taken from the high school students, 
Samples were processed, stored in portable ice chests, and transported to the nutri-
tion research laboratory for analyses. 
1Journal Paper No. J-7680 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project No. 1560. The project was supported in part by funds 
from the Maternal and Child Health Division, Iowa State Department of Health. Some 
~ata were taken from the M. S. theses of Carol W. Merritt and Helen B. Mead. 
Associate Professor, Food and Nutrition Department, Iowa State University, 
tmes, Iowa 50010. 
Professor and Head, Food and Nutrition Department, Iowa State University. 
4Present address: 7405 Hickory Hill Lane s. E., Huntsville, Ala. 35802. 
5present address: 3800 Wingate, Midland, Mich. 48640. 
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Packed red-cell volume (hematocrit) was determined immediately after blood 
collection by a microtechnique using the Adams Readacrit (Clay-Adams, Inc., 141 
East 25th St,, New York, N. Y.). Blood hemoglobin was measured as oxyhemo-
globin (Cornell University Agricultural Experiment Station, 1951), and erythrocytes 
were counted (Gerarde, 1962). Mean corpuscular hemoglobin concentration (MCHC) 
was derived from the ratio of hemoglobin concentration to hematocrit value and ex-
pressed in percentages. 
Total serum protein was estimated from the total serum nitrogen concentration 
in milligrams per 100 ml multiplied by the factor 6. 25. Serum nitrogen was deter-
mined by the Dumas method, using the Coleman Model-29 Nitrogen Analyzer. Micro-
chemical methods useq for measuring serum concentrations of alkaline phosphatase, 
ascorbic acid, vitamin A, and carotenoids are described elsewhere (Cornell Uni-
versity Agricultural Experiment Station, 1951). Modified colorimetric methods 
were used for blood urea determinations (Levine, Leon, and Steigmann, 1961; 
Yatzidis et al., 1964). 
Comparisons were made of certain of the blood constituents with values in the 
suggested guide to interpretation of blood data by the Interdepartmental Committee 
of Nutrition for National Defense (ICNND) (National Institutes of Health, 1963). 
Prenatal and obstetrical records were evaluated by medical residents and 
interns (coordinated by the Director of Medical Education) at Broadlawns Polk County 
Hospital, Des Moines. Relative ratings of prenatal care and obstetrical performance 
were based on criteria listed in Table 3 (footnotes a, b); 3 7 of the 38 pregnant girls 
delivered at Broadlawns Hospital. 
RESULTS 
Blood Indices 
Blood values obtained during pregnancy for 3 7 subjects and at 6 weeks post-
partum for 10 subjects are given in Tables 1 and 2, For the reference group, in-
formation obtained from capillary blood samples was limited to the following: hemo-
globin, hematocrit, MCHC, serum concentrations of alkaline phosphatase, ascorbic 
acid, vitamin A, and carotenoids. 
Only three subjects in the younger group and nine subjects in the older group 
were available for study in the second trimester of pregnancy. The younger pregnant 
girls had acceptable or high values for hemoglobin, hematocrit, MCHC, and serum 
concentrations of ascorbic acid, vitamin A, carotenoids, and total protein. Over 
50% of the older pregnant group had acceptable or high ratings for hemoglobin, 
hematocrit, and MCHC. A majority of the older girls showed acceptable or high 
serum concentrations of ascorbic acid (eight girls), vitamin A (eight girls), carot-
enoids (seven girls), and total protein (six girls). Except for hemoglobin values, 
mean values for the blood indices examined in the second trimester were similar 
for the younger and older subjects; the mean hemoglobin value was appreciably higher 
in the second trimester for the younger than for the older pregnant adolescents. 
In the third trimester 5 of the 11 girls in the younger group had hemoglobin 
values below the normal range. Serum protein and vitamin values tended to be within 
the normal range. Only 4 of the 23 older girls showed low hemoglobin values; serum 
protein and the vitamins were usually normal. Postpartum values were generally 
acceptable for both groups. 
Serum concentration of alkaline phosphatase is believed to reflect the magni-
tude of fetal skeletal growth and maturation, and maternal storage of minerals. 
Mean values for both age groups (Table 2) were lower than those reported for patients 
15 to 19 years old in the Detroit study of mothers and infants (Moyer et al., 1954). 
Mean values for postpartum (1. 53 nitrophenol units, NPU) and for the reference 
group (1. 68 NPU) were within the range of 1. 50 and 2, 00 NPU reported for Iowa 
school girls over 16 years old (Eppright and Roderuck, 1955). 
The mean concentrations of blood urea during the second and third trimester 
(14 mg per 100 ml, Table 2) were similar to values observed in pregnant women 
Table 1. Selected hematological values during pregnancy and postpartum with values for reference group _ 
Selected blood Pre2nancy a 
constituents Age groups Second trimester 
yr Number 
of subjects 
Hemoglobin, + d 15.0 - 16.9 3 11.8+0.6 
g per 100 ml 17.0 - 19.9 9 10.5-0.4 
+ · 
Total 12 10.8-0.7 
Hematocrit, 15.0 - 16.9 + % 3 37 -2 
+ 17.0 - 19.9 9 35 +2 
Total 12 36 -2 
e + MCHC , % 15.0 - 16.9 3 32 +1 
17.0 - 19.9 9 30 - 2 
+ 
Total 12 30 -2 
+ Erythrocyte count, 15.0 - 16.9 3 3 . 82+0 . 32 
million per cmm 17.0 - 19.9 8 3 .7 9+0.36 
Total 11 3.80-0 . 33 
Mean values 
Third trimester 
Number 
of subjects 
+ 11 10. 9+1.1 
23 11.2-0.8 
34 +· 11.1-0.9 
+ 
11 35 -3 
23 36 ~2 
+ 
34 36 -3 
+ 
11 31 -1 
+ 23 31 +l 
34 31 - 1 
+ 9 3 . 81-0.32 
20 3.88:j:_Q .41 
29 3.86-0.38 
Postpartumb Re f e rencec 
Number of subjects 
10 16 
+ 
12.6-1.5 
+ 
40 -3 
+ 
32 -4 
+ 4.43-0.33 
+ 12. 3-1. 0 
+ 
40 - 2 
+ 
31 -1 
a Blood samples were obtained from a total of 37 girls; three were seen only in the second trimester, and the 
remaining 34 girls were seen in the second or third trimester, or both. In some instances sufficient blood 
samples were not available for complete analyses; hence, number of subjects was differe nt for some blood data. 
bData at 6 weeks postpartum were not reported by age groups because of small group size. 
cData for nonpregnant high school students were not reported by age groups b e cause only 2 of the 16 girls 
were over 17.0 years old. 
dStandard deviation. 
eMean corpuscular hemoglobin concentration . 
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Table 2. Selected blood indi~eli durinJCPregnancy and postpartum with values for reference_~uo 
Mean values 
Selected blood Pregnanc;t a Postpartumb 
constituents Age groups Second trimester Third trimester 
Number Number 
of subjects of subjects 
Serum ascorbic acid, 15.0 - 16.9 3 1. 32±0. 51 d + 11 0.92:;0.39 
+ 
mg per 100 ml 17.0 - 19.9 8 1. 22+0. 22 23 0.99:;0.38 
+ Total 11 1. 25-0. 30 34 0.97-0.38 0.67-0.33 
Serum vitamin A, 15.0 - 16.9 + + 
(lO)e 
3 38 +5 11 39 -26 + 
mcg per 100 ml 17.0 - 19.9 8 36 -8 23 29 -11 
+ :!::17 :!::13 Total 11 36 -8 34 32 30 
+ 
±52 
(8) 
Serum carotenoids, 15·. 0 - 16. 9 3 131 +47 11 128 
mcg per 100 ml 17.0 - 19.9 8 117 - 29 23 122 :!::39 
:!::33 :!::43 + Total 11 121 34 124 95 -32 
+ + 
(8) 
Serum alkaline 15.0 - 16.9 3 1. 63+0. 65 11 3.32+2.70 
phosphatase, NPU 17.0 - 19.9 8 1. 68+0. 43 23 2.42-0.69 
+ 1. 53:!::1. 00 Total 11 1.67-0.46 3 4 2.71-1.64 
(9) 
asee footnote a in Table 1. 
bData at 6 weeks postpartum were not reported by age groups because of small group size . 
Referencec 
0.95:!::0.46 
25 
29 
(16) 
+ 
-10 
(11) 
+ 
-31 
(11) 
+ 1. 68 -0. 42 
(1 5) 
cData for nonpregnant high school students were not reported by age groups because only 2 of the 16 girls 
were over 17.0 years old. Only capillary blood samples were taken, which limited the number of analyses. 
dStandard deviation. 
eNurnbers in parentheses represent number of subjects . 
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Table 2. (continued) 
Selected blood 
constituents Age groups 
Total serum proteinf 15.0 - 16.9 
g per 100 ml 17.0 - 19.9 
Total 
Blood urea,g 
mg per 100 ml 
15.0 - 16.9 
17.0 - 19.9 
Total 
a Pregnancy 
Mean values 
Second trimester Third trimester 
Number Number 
of subjects of subjects 
2 + + 6.55+0.ll 5 6.13-0.61 
7 6.40-0.48 16 6.43!0.44 
9 6 .43!0.42 21 6.36!0.48 
3 15 ±4 7 13 ±6 
8 14 :!:4 19 14 + -4 
11 14 + -4 26 14 !4 
b Postpartum 
+ 7.16-0.43 
(10) 
+ 20 -6 
(10) 
fData were not obtained on all subjects because of change of laboratory personnel. 
Referencec 
gData included the following values in mg per 100 ml from two preeclampsia cases: one subject for 
second and third trimester = 14 and 15, respectively; one subject for third trimester = 16. 
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Table 3. Relative rating of prenatal carea and obstetrical performanceb, weight gain during pregnancy, and weight and ~ 
condition of infants at birth 
Number Relative Rating Mean wei ht . Infants . . 
Age group . ~ Mean birth Condition 
o f Prenata l care Obstetrical Performance gain during . h . h yr . . d weig t at birt 
s ubJ ects Good Fair Poor Normal Otherc pregnancy >2 500 <2 500 h e , g _ , g Normal Ot er 
No. of subjects kg g g No. o f subjects 
15.0 - 16.9 12 3 7 2 7 5 13.7~3 . 0 3 , 332~359 1,362 9 3 
(10) f (10) (2) 
+ + 17.0 - 19.9 25 9 14 2 17 8 14.1-4.7 3 , 207 -444 1,319 23 2 
(24) (24 ) (1) 
Total 37g 12 21 4 24 13 14.0~4.3 3 , 244~419 1, 348 32 5 
(34) (34) (3 ) 
aRelative rating of prenatal care was based on cl inic r ecord s regarding s tage of pregnancy during first visit 
to the c linic f or pre natal care , fre que ncy of subsequent visits , and cooperation. 
bRe lative rating of obstetri ca l performance was based on c linic r ecords of length of gestation, type and 
hours of labor , or condition of mother and infant. 
cFor 13 women , the following conditions were recorded: Preec lampsia ~ two cases , premature labor % three 
cases , premature rupture of membrane = one case , prolonge d labor = two c ases , too short periods of labor 
and delivery = two cases , postpartum hemorrhage = two cases accompanied by uterine atony in one case , de -
layed respiration of infant = one case. 
dEstimated from the difference between recalled prepregnancy weight and final weight recorded preceding 
delivery for 34 s ubj ects who delivered at term. 
eFo r five infants, the following conditions were recorded : Pre mature births = three babies weighing l ess than 
2,500 gm at birth; one infant weighed 964 gm, the smallest live birth we ight on record at Broadlawns 
Hospital; the second infant had congenital de f ect in left ear and umbilical hernia; the third premature in-
fant died shortly after birth from prematurity and hya line membrane disease . Delayed r espiration = one case . 
Physiological j aundice = one case. 
fNumbers in parentheses repr esent number of s ub jects. 
gone of the 38 s ubj ects did not deliver at Broadl awns Hospital. 
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(McGanity et al. , 1949). Two preeclampsia cases showed a mean blood urea con-
centration of 15 mg per 100 ml. 
When mean blood values during pregnancy were compared with postpartum 
data (Tables 1, 2), no significant differences (Student t-test, Snedecor, 196 7) were 
observed in MCHC or in serum concentrations of vitamin A and carotenoids. Values 
were significantly lower ( P< 0. 01) in pregnancy than at postpartum for hemoglobin, 
hematocrit, erythrocyte count, total serum protein, and blood urea. Mean serum 
concentrations of alkaline phosphatase and ascorbic acid were significantly higher 
during pregnancy than at postpartum. With the exception of serum ascorbic acid 
and vitamin A, similar trends in blood constitutents reflecting the "normal" adjust-
ments of pregnancy have been described in other studies (Beaton, 1966; Darby et al., 
1953). The daily dietary supplements prescribed for these subjects and supplied 
by the clinic provided 100 mg of ascorbic acid and 6, 000 IU of vitamin A. These 
supplements may have prevented the decrease in serum concentrations of ascorbic 
acid and vitamin A that has been observed during pregnancy. 
At postpartum the mean concentration of serum carotenoids was still signifi-
cantly higher (P<O. 01) than the reference value; other postpartum values were within 
the range of those of nonpregnant subjects for hemoglobin, hematocrit, MCHC, 
serum concentrations of alkaline phosphatase, vitamin A, and ascorbic acid (Tables 
1, 2). 
A majority of the 16 nonpregnant girls had adequate or high mean values for 
hemoglobin (14 girls), hematocrit (13 girls), and ascorbic acid (15 girls). For the 
11 available mean values seven were rated adequate for serum vitamin A, but only 
three values for serum-carotenoid concentration were rated adequate. Six of the 
eight reference girls with low serum carotenoids had diets that supplied less than 
half the Recommended Dietary Allowances (RDA) (National Research Council, 1968) 
for vitamin A value. 
Medical Evaluation of Pregnancy Performance 
Thirty-seven of the 38 primigravidae delivered at Broadlawns Hospital, and 
their medical records were used to evaluate pregnancy performance. The relative 
ratings of prenatal care and obstetrical performance (Table 3) of the 12 younger 
girls and 25 older girls were compared. Mean body-weight gains during pregnancy 
and mean weight and condition of the infant at birth also were examined. 
Nine of the 12 younger girls received "fair" or "poor" prenatal ratings, com-
pared with 16 of the 25 older girls. Both age groups showed similar mean gain in 
maternal weight (Table 3). Seven younger and 17 older girls had "normal" obstetri-
cal performance. Nine babies of the younger mothers were "normal", compared 
with 23 "normal" babies among the older mothers. Ten of the 12 younger mothers 
had full-term infants weighing more than 2, 500 g, and the other two mothers in this 
group had premature babies weighing less than 2, 500 g at birth. One mother in the 
older group delivered a premature infant weighing 1, 319 g who died within 24 hours. 
The 24 other mothers in this group delivered full-term babies with weights exceeding 
2, 500 g. Infants weighing 2, 500 g or less are 11 low-birth-weight11 babies according to 
the Expert Committee on Maternal and Child Health of the World Health Organization 
(1961). In our study the three 11 preterm,low-birth-weight11 infants were born before 
37 weeks of gestation (Table 3). The ages of the mothers of these infants were 16. 5, 
16. 9, and 18. 3 years. 
The 34 full-term infants (single births) had a mean birth weight of 3, 244 g 
(range 2, 525 to 4, 356 g). In 1968 the median birth weight was 3, 220 g for babies 
of both white and nonwhite mothers aged 15 to 19 years in the U.S. (U.S. Depart-
ment of Health, Education, and Welfare, 1968). For 30 full-term infants (no record 
on four babies) in our study the mean birth length was 50. 1 cm (range 45. 7 to 
55. 9 cm). 
Birth weight was not significantly correlated with the prepregnancy weight, 
height, or maternal weight gain. According to data from clinic records, the mean 
body weight of 37 adolescents before pregnancy was 55. 5 kg (range 40. 9 to 75. O kro . 
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Twenty-one girls weighed within ±15% of desirable weight (Metropolitan Life In-
surance Co., 1959), 10 girls were overweight, and six girls were underweight. 
Their heights ranged from 149. 9 to 175. 0 cm with a mean of 162. 0 cm. For the 
34 girls who delivered at term, the mean weight gain during pregnancy was 14.0 kg 
(Table 3}, with a range from 3. 9 to 18. 8 kg. Food energy intake did not correlate 
significantly with weight gain. Part of the weight gain during pregnancy may be 
attributed to water retention, and 16 subjects received diuretics for edema. 
DISCUSSION 
Good nutritional status at the time of conception reflects a lifetime of nutri-
tionally acceptable dietary habits and is considered an important prerequisite for 
successful childbearing (Stearns, 1958; National Research Council, 1970). Nutrition, 
however, is only one of several factors that may influence the reproductive efficiency. 
Biological and psychological maturity are important determinants of pregnancy per-
formance especially when conception occurs before age 17 years. If the young ex-
pectant mothers have not achieved full maturity biologically and psychologically, the 
risks of pregnancy may be increased. The incidence of prematurity and low birth 
weight infants is high among young mothers (U.S. Department of Health, Education, 
and Welfare, 1968). Socioeconomic status is associated with pregnancy outcome. 
For the disadvantaged pregnant adolescents, unfavorable environmental conditions 
may affect adversely the pregnancy performance. Because many of these factors 
are interrelated, it is difficult to isolate the effects of nutrition on the course and 
outcome of pregnancy among medically indigent primigravidae. 
Of the 3 7 pregnant adolescents, 12 girls were below 1 7. 0 years old at concep-
tion . The dietary and biochemical characteristics did not differ significantly from 
those observed in the pregnant girls over 17. 0 years old. Seven younger girls had 
a "normal" course of labor and delivery. Of the 10 full-term infants born to the 12 
younger mothers, nine babies were "normal" at birth and the other baby had "de-
layed respiration for 1 to 2 minutes. " Two younger mothers (subjects DG and CF) 
delivered premature infants weighing 965 g and 1, 759 g, respectively .. Subject DG 
was 16. 9 years old, white, and married; her pregravid weight was average for her 
height of 149. 9 cm; her age at menarche was 9. 0 years. She sought medical care 
for the first time in the third trimester. During pregnancy, her diet was adequate 
in protein, the three B-complex vitamins, and ascorbic acid, but was low in calcium, 
iron, and vitamin A value. At 6-weeks postpartum, her diet was satisfactory with 
the exception of iron. Subject DG took the prescribed vitamin and mineral supple-
ments regularly at the time the dietary information was taken. During pregnancy, 
her hematological picture was favorable and concentrations of serum vitamin A, 
carotenoids, and ascorbic acid rated adequate or high. 
Subject CF was 16. 5 years old, white, single, and 18% underweight before 
pregnancy for her height of 162. 6 cm ; age at menarche was 14. 0 years. She was 
first seen at the clinic during the third trimester, although her records indicated 
some medical care earlier. Her dietary profile during pregnancy and 6 weeks after 
delivery showed adequate intakes of food energy and nutrients. She did not take the 
prescribed supplements because of adverse gastrointestinal effects. Blood constitu-
ents examined rated adequate or high. Her delivery performance was fair and the 
infant showed mild congenital defects (left ear and umbilical hernia). 
For pregnant girls aged 17 to 19 years, pregnancy performance resembles that 
of young mature women 20 to 24 years old (National Research Council, 1970}. In our 
study 25 girls were over 17. O years old at conception. Clinic records of this older 
group showed one case of premature delivery and two cases of preeclampsia. The 
girl who delivered prematurely was white, married, and 18. 3 years old. Her infant, 
weighing 1, 319 g, died within 24 hours after birth from prematurity and hyaline 
membrane disease. Before pregnancy, she was 20% overweight. Her diet during 
pregnancy was adequate in all nutrients except for vitamin A value and ascorbic acid. 
She did not take the prescribed supplements and her prenatal care was evaluated as 
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poor. Values for hemoglobin and hematocrit were low; no other blood data were 
obtained. This girl sought medical care in the first trimester. 
Preeclampsia is considered to be common among young primigravidae. Symp-
toms occurred in 26. 7% of a group of pregnant girls 16 years of age or under in 
Nebraska (Seiler and Fox, 1973). In our study clinic records indicated only two 
cases of preeclampsia and these were in subjects over 17. O years old. Diagnosis 
was based on rapid weight gain and edema, with or without elevated blood pressure 
or proteinuria. One girl registered for medical care for the first time during the 
first trimester, and the second girl appeared at the clinic in the second trimester. 
As part of the prophylactic measures, one girl was placed on a calorie-restricted 
diet, and the other girl was advised to restrict salt intake. Both girls received 
diuretic preparations. The mean weight gain of the subject on a calorie-restricted 
diet was 14. 6 kg, and the other subject gained 13. 2 kg. The diets of these two girls 
during pregnancy met at least two-thirds of the RDA for protein and three B-complex 
vitamins, but not for iron. One subject met two-thirds or more of the RDA for 
ascorbic acid and calcium. They did not take the prescribed supplements. These 
girls delivered full-term "normal" infants weighing 2,894 g and 3 ,178 g, respectively. 
The early detection of symptoms of preeclampsia and the prophylactic steps taken 
may have contributed to some extent to the satisfactory pregnancy outcome of these 
girls. 
Among the older primigravid girls, clinic records showed four cases of iron-
deficiency anemia with hemoglobin levels below 10. 0 g per 100 ml in the second 
trimester. These patients received iron preparations parenterally (lmferon), once 
for three girls and twice for one girl. Two of these girls claimed regular use of 
oral ferrous sulfate, but the other two girls did not take the supplements consistently. 
Diets of the four girls provided an average of 6 to 13 mg of iron daily. The subject 
with the lowest hemoglobin value had the highest dietary iron intake of 13 mg per 
day. Her higher iron intake might be attributed to dietary counsel given when she 
was treated previously for anemia in the same clinic. Two weeks before delivery 
her hemoglobin value was 9. 4 g per 100 ml. Labor was slightly prolonged, and her 
3, 930-g infant showed "moderately severe molding and cephalhematoma." Two 
subjects had mean hemoglobin levels of 10. 7 g per 100 ml, and the fourth girl had 
a mean value of 11. 4 g per 100 ml at the last clinic appointment before delivery. 
For these three girls, delivery and postpartum course were described as "unevent-
ful," and the babies were considered "normal." No cases of iron-deficiency anemia 
were recorded for the younger primigravidae. 
It is difficult to assess the effectiveness of oral iron preparations used in this 
study to maintain satisfactory hematological pictures during pregnancy. According 
to reports in the literature, healthy pregnant women taking oral iron supplements 
consistently had an average hemoglobin value of 12. O g per 100 ml or more in late 
pregnancy (Pritchard, 1970). In our study only five girls in the third trimester had 
hemoglobin levels that exceeded 12. O g per 100 ml, with mean hematocrit values 
ranging from 39% to 42%. Only two of the five girls were taking iron supplements 
(providing 236 mg daily) regularly at the time the 5-day food intake records were 
obtained. Ten subjects had mean hemoglobin levels below 11. O g per 100 ml (con-
sidered low for the late pregnancy) in the latter half of the third trimester even 
though six subjects took the supplements. Eight of these 10 low hemoglobin values 
were associated with satisfactory hematocrit levels (range 33 to 37%). Possibly in 
some cases the increase of plasma volume may have been greater than the average 
increments observed in pregnancy; hence, lower blood hemoglobin values. 
A high proportion of both postpartum and reference diets provided amounts of 
iron below the RDA, although blood values for hemoglobin were adequate. Dietary 
intakes of iron were not increased during pregnancy. Under these conditions, the 
use of iron supplements is justified to meet the increased demands of adolescent 
pregnancy. Appropriate iron preparations in smaller, but more frequent, doses 
might minimize unfavorable gastrointestinal effects, and, in turn, encourage more 
pregnant girls to take the supplements consistently. 
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Low vitamin-A values of diets were reported by over 50% of the pregnant girls 
(Garcia, Brewer, and Merritt, 1973). Many of the diets of the subjects contained 
little or no carotene-rich fruits and vegetables. Low-serum carotenoids would have 
been expected in a high proportion of the group. Only three pregnant girls (n=34), 
however, had low concentrations of serum carotenoids . These observations suggest 
a possible increase in absorption of dietary carotenoids, or, more likely, a decrease 
in conversion of carotenoids to vitamin A in a majority of the pregnant subjects. 
High concentrations of serum carotenoids are common in late pregnancy (Darby et 
al. , 1953). Only eight pregnant girls (n=34) showed low or deficient concentrations 
of serum vitamin A. Evidently the use of prenatal supplements, though sporadic 
in many cases, may have helped maintain adequate liver stores of this particular 
nutrient. For the reference group low concentrations of serum carotenoids for 
several girls reflected the habitually low consumption of dark green and deep yellow 
fruits and vegetables (Garcia, Brewer, and Merritt, 1973). 
The recent report of the Committee on Maternal Nutrition (National Research 
Council, 1970) indicated a desirable average weight gain of 24 lb (range 20 to 25 lb) 
during pregnancy. Maternity care programs in Iowa have recommended average 
weight gains within 15 to 20 lb. 6 The mean gain in weight for those of our subjects 
who were not on caloric ally restricted diets was 28 ± 9 lb. Restrictions in food 
energy had been prescribed for 13 of our subjects previous to the time that diet 
diet records were obtained (Garcia, Brewer, Merritt, 1973). The mean weight 
gain of these subjects was 33 ± 11 lb. Restrictions in food energy by these subjects 
was accompanied by a reduction in the nutritive value of the diets, with particular 
effect on the protein intake since protein was not provided as a dietary supplement. 
These medically indigent adolescent primigravidae, therefore, needed careful guid-
ance in planning palatable meals at low cost to meet the desired calorie level for 
appropriate weight gain without sacrificing the nutritive quality of the diet. 
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MOVEMENT OF SOUTHERN CORN LEAF BLIGHT SPORES1 
Harvey M. Freese2 and Douglas N. Y arger3 
ABSTRACT. The relative importance of long-distance transport of Southern Corn 
Leaf Blight (Helminthosporium maydis Nisikado and Miyaki) spores by low-level 
winds has been compared with local migration phenomena. An examination of the 
existence of required weather conditions for completion of the life cycle of Southern 
Corn Leaf Blight spores was made for the summers of 1970 and 1971. These data 
were then compared with both surface and low-level atmospheric spore counts. The 
results of this study indicate that the environmental conditions at the surface are 
more important factors in monitoring the growth and spread of this disease than 
are spore transport and dispersal by low-level winds. 
INTRODUCTION 
It is commonly believed that the Southern Corn Leaf Blight (SC LB) epiphytotic 
caused by the fungus, Helminthosporium maydis Nishikado and Miyaki, which oc-
curred in the Corn Belt in 1970, was caused by a succession of favorable weather 
conditions (Bauer, 1972). Originally, it was assumed that the spores of this plant 
pathogen migrated via the winds. It seemed possible for a few spores to be trans-
ported in this manner and be randomly deposited over the susceptible corn fields in 
the Midwest. It is more plausible, however, that spore migration by wind transport 
is more local in origin, and that spores spread farther north as environmental con-
ditions permit in accordance with seasonal variations in temperature and humidity, 
and on the assumption that a susceptible host is present. For example, during the 
first weeks of August, 1970, an abnormal period of rainy days with warm day and 
night temperatures implied a sustained period of dew duration in the fields of corn 
(Zea mays L.). These conditions were ideal for sustaining the life cycle of the SC LB 
fungus and supporting the epiphytotic throughout Iowa and elsewhere in the Corn 
Belt. During the summer of 1971, even though the Corn Belt was heavily infested 
with SCLB spores, many parts of the Corn Belt, including Iowa, were not severely 
affected because of the lack of optimum environmental conditions for the fungus. 
Vertical spore samples implied that spore dispersal was local in origin. Very few 
spores were found above the mixing layer of the atmosphere. 
Until 1969, _!!. maydis was considered a minor disease in the United States. About 
this time a new race (race T) of_!!. maydis found a susceptible host in Texas male-
sterile cytoplasm corn. This type of corn was used to produce 85 to 90% of all hybrid 
corn grown in the U.S. in 1970 (Bauer, 1972). 
When the ideal weather conditions in early August, 1970, occurred, SCLB spread 
so fast that little time was left to establish a procedure for monitoring the conditions 
that fanned the epiphytotic throughout the Corn Belt. By the summer of 1971, how-
ever, preparations were made to determine the upper-air and ground-level con-
centrations of the SCLB spores. With these data we hoped that we could determine 
1Journal Paper No. J-7696 of the Iowa Agriculture and Home Economics Experiment 
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NG-14-72, National Oceanic and Atmospheric Administration. 
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what effects upper-air transport and local diffusion of the spores had on the observed 
gradients of SCLB across the Corn Belt. 
Upper-air spore concentrations were measured at elevations from 300 to 3000 
meters for several intermittent days by scientists from the National Aeronautic 
and Space Administration. The United States Department of Agriculture also col-
lected spore samples on the ground during the 1971 summer, with the intention of 
determining the source concentration of spores escaping from infected corn fields. 
In neither case was any attempt made to distinguish between.!!· maydis and Race T 
and O spores of!!· maydis. An immediately obvious feature of these data was the 
unexpected lack of spores captured either at the ground level or in the upper air. 
This may have resulted from unfavorable environmental conditions caused by an 
abnormally cool, dry summer during 1971. This is supported by Wallin1sl un-
published data on the duration of relative humidity> 90% recorded during 1970 and 
1971. Wallin's data indicated unfavorable conditions for pathogen development in 
1971. It does seem that the disease gradients of this plant pathogen are related to 
the ambient temperature and dew duration within the crop canopy. 
To explain this causal relationship we will first examine the life cycle of this 
plant pathogen. Second, we will investigate the methods of estimating upper-air 
transport of_!!. maydis spores. Finally, the theory of spore transport by winds 
will be discussed, and we will analyze the trajectories of low-level winds during 
the summer of 1971. 
LIFE CYCLE OF Helminthosporium maydis 
Originally, when this experiment was conceived, it was thought that epiphytotic 
proportions of this disease would be signaled by enormous concentrations of spores 
in the atmosphere. Experiments were designed specifically to measure the con-
centrations of spores so that an appropriate meteorological dispersion analysis 
could be implemented to determine the geographical areas where SCLB conditions 
might develop. 
A weakness ill the experiments occurred during the sampling periods for the 
summer of 1971; at the surface and the lower layers of the atmosphere, spore con-
centrations were sporadic and relatively sparse. This does not indicate that the 
experimental design was poorly constructed, but probably indicates that the synoptic 
conditions during 1971 were unfavorable. Average concentrations captured at the 
surface for 123 days in May through August were about 1 per m3 at Ames, Iowa 
(Wallin)l. Concentrations at 300 m for Rockville, Indiana, were only slightly higher. 
Atmospheric profiles of SC LB concentrations were examined at random during the 
summer of 1971. Figures 1 to 3 represent the typical vertical spore distribution 
for Alternaria and!!· maydis spores for the Midwest during the summer of 1971. 
These concentrations decreased rapidly with height, and very few were captured 
above 1500 m. At the same time several local areas reported severe SCLB in-
fection, but the spore counts still were not considered representative of the SC LB 
infection levels observed. 
The life cycle of.!!· maydis progresses from lesion to fungal stalk to spore and 
back to lesion. During each phase, however, certain conditions may cause abatement 
of the life cycle. As the life-cycle chain continues, environmental conditions may 
stimulate previously dormant portions of each phase (Waggoner, Horsfall, and 
Lukens, 1972). 
Let us assume that lesions of_!!. maydis already have materialized on the corn 
leaves. The life cycle continues as fungal stalks form on the disease lesion. Further 
growth of the fungal stalks is determined by the condition of leaf wetness. If the 
1wallin, J. R. 1972. Personal communication. 
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leaf is sufficiently wet, the stalk will continue to grow and may reach the repro-
ductive stage. On the other hand, if the leaf becomes dry, the stalks are cataloged 
as dry stalks. They retain the potential to produce spores, but the growth process 
is stalled, requiring a longer duration of favorable environmental conditions. 
Stalk formation also is dependent on the ambient temperature and the conditions 
of light or darkness. Experiments suggest that slow stalk formation occurs at 14° 
C in the light, optimum formation at 30 ° C in the light. Rapid growth occurs at 
30 ° C in the dark. This may suggest that growth is especially rapid on nights with 
very high dew-point temperatures (i.e. , dew points between 15 and 20° C). Labo-
ratory tests indicate that, at 3 5 ° C in the light, no stalk formation is observed 
(Waggoner et al., 1972). Under the optimum environmental conditions of leaf wet-
ness, temperature, and light level, fertile stalks can be created in 6 hr and the 
reproductive cycle completed within 12 hr. If at any time the leaf dries out, the 
lesions are classified as dry stalks, and there is no spore formation. In time, these 
particular stalks can be reactivated. 
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The next events to be considered, and the least-understood portion of the cycle, 
are the dispersal process and eventual capture of these spores, with subsequent 
development of new lesions. Spore dispersion is greatly influenced by two meteo-
rological variables, rain and wind. Spores can be washed off the stalks by rain and 
caught by other leaves. Waggoner et al. (1972) estimate that a O. 6-cm rain per hour 
can remove over 80% of the spores per leaf area. They found that the fraction of 
spores caught, associated with a O. 6-cm rain per hour, was 2% of the spores washed 
away. Meredith (1966) observed that.!!· maydis spores rarely appear in the air 
during wet weather. 
Spores also are dispersed by the wind. This diffusion process continues until 
they are caught, deposited, or have escaped into the atmosphere. The propor-
tionality between wind speed and airborne Alternaria spores, discussed by Rotem 
(1964), encouraged Waggoner et al. (1972) to relate the release of spores to the 
wind stress. In a cornfield the wind decreases from the full reference wind across 
the first leaf-area index to half at the second, and to a quarter at the third leaf-
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area index (Brown and Covey, 1966). Therefore, the stress on the spores falls 
from the square of the reference wind on the first leaf area to a quarter of the 
squared wind on the second, and to only a sixteenth on the third leaf area. Waggoner 
et al. (1972) estimated that a 5-mph wind over a field with a leaf-area index of3 
would remove about 5% of the spores and release them into the air. The number 
of spores eventually captured is proportional to the leaf-area index and the size of 
the cornfield. This may indicate that spores released near the periphery of the crop 
will have a significantly better chance of becoming airborne. 
Explanation of the final phase of the life cycle of_!!. maydis contains the assump-
tion that some spores have been captured on a leaf (or leaves) and that spore ger-
mination is about to proceed. The most important factor necessary for spore ger-
mination is leaf wetness, for only spores captured and initially moistened will begin 
to germinate. If they are subjected to a dry period, they will die. 
Spores have been observed to germinate in a temperature range from 5 ° to 40 'C. 
The final step occurs as the germinated spores of!!· maydis infect the leaves and 
create the lesions. The incubation period was observed to occur within 2 to 3 days 
after initial infection. 
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THE SYNOPTIC SITUATION FOR SUMMER, 1971 
The SC LB progeny seemed to be affected by the synoptic situations during July 
and August throughout the Corn Belt. Vertical profiles of the upper air over Rockville, 
Indiana were examined to determine the concentration of.!!· maydis spores between 
August 17 to 18 and 30 to 31. 
Air trajectories were constructed backward in time to determine the origin of 
air parcels that terminated in Corn Belt states. These were done for the day of the 
vertical-profile testing, beginning at OOOOZ and continuing for 36 hr at stations sur-
rounding the test site near Rockville, Indiana. The stations were chosen because 
of the availability of upper-air data necessary to determine the wind field. The 
stations chosen were (1) Peoria, Illinois ; (2) Salem, Illinois; (3) Dayton, Ohio; (4) 
Huntington, West Virginia; and, when data permitted, (5) Green Bay, Wisconsin; 
(6) Flint, Michigan; and (7) Nashville, Tennessee. The method of determining the 
trajectories of the air parcels, which is based on an isentropic analysis, is discussed 
by Danielson and Bleck (1967) and Freese (1973). 
In relation to the growth and spread of SC LB, attention must be given to the 
weather phenomena known to excite the life cycle of this fungus. The two synoptic 
factors considered most important are temperature and periods of dew duration. 
Waggoner et al. (1972) have shown that the SCLB spore will not proceed to stalk in 
an environment where either the ambient temperature is lower than 15° C or in the 
absence of leaf wetness. They concluded that approximately 12 hr of continuous leaf 
wetness are necessary for the organism to reproduce itself. Although no direct 
observations of dew are available for all the regions of the Corn Belt, periods of 
high humidity can be used to infer dew duration (Wallin , 1963). He estimated that 
dew deposition on the leaf begins at about the time the relative humidity in the crop-
canopy area reaches 90%. Dew deposition at this time occurs because the leaf 
temperature is cooler than the air as a result of radiational cooling. Shaw (1973) 
has indicated that the relative humidity measured at the Des Moines, Iowa, airport 
is almost 10% lower than the relative humidity measured in cornfield plots at Ames, 
Iowa. To account for this difference, the criterion of 80% relative humidity at the 
airport was selected as a threshold value for estimating the period of dew formation 
or leaf wetness in cornfields. Although this criterion may not be specifically valid 
in all field areas of our analysis, the same threshold value was used for each station. 
Temperature and relative-humidity data were screened at the following official 
airport weather stations: (1) Des Moines, Iowa; (2) Springfield, Illinois; (3) St. 
Louis, Missouri; and (4) Evansville, Indiana. Table 1 contains the frequency of 
relative-humidity durations greater than 80% measured at Des Moines, Iowa, airport 
from 1945 to 1962. This is compared with the frequency of high humidities for 1970 
and 1971. The dew-duration periods in August, 1970, are particularly significant. 
During this same period the SC LB reached epiphytotic proportions in Iowa and else-
where across the Corn Belt. Table 2 indicates the number of periods of dew duration 
at the various reporting stations for the summer of 1971. 
The SCLB problem was also analyzed by remote-sensing techniques (Bauer, 1972). 
According to Bauer the pattern of blight development on Texas male-sterile cyto-
plasm corn in the Corn Belt test area during 1971 is shown in Figures 4 through 6. 
The maps are based on biweekly field observations. The data shown represent aver-
age blight severity, with appropriate weighting for the number of acres of each blight 
class present in each flight line. Contrary to the previous year, 1970, SCLB in-
fections had already been confirmed as present in most of the Corn Belt. In areas 
where Texas male-sterile cytoplasm corn was dominant, mild levels of infection 
were developing in Missouri, southern Illinois, and southern and westcentral Indiana, 
(Fig. 4). 
Two weeks later a moderate increase in severity of blight infection, with some 
areas of severe infection, had occurred in Illinois and Indiana (Fig. 5). By the last 
week of August blight infection had become more widespread. Figure 6 shows the 
areas in Illinois and Indiana where blight was most severe in T-cytoplasm fields. 
Figures 4 to 6 and Tables 1 and 2 suggest the cause-effect relationship between 
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temperature and dew duration on the one hand and the spread of SCLB disease gradi-
ents throughout the Corn Belt during the summer of 1971. 
Table 1. Frequency of runs of relative humidity> 80% for Des Moines, Iowa. 
Jf of hours of continuous R.H. > 80% 
Month 12 18 24 36 48 60 72 84 ave/year 
June 6.9 2.7 1.3 0.8 0.4 0.2 o.o 0.0 1945-1962** 
June 2.0 1.0 0.0 o.o O.O o.o O.O O.O 1970** 
~~~~-------~~~---}~~-------------------------------------------~~I~------
July 6. 9 1. 6 0. 9 0. 3 O. 0 0. 0 0. 0 0. 0 1945-1962** 
July 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1970** 
~~!1-.-------~~~---J~~-------------------------------------------~~I~-------
August 10.3 2,1 0.8 0.4 0.1 0.1 0.0 0.0 1945-1962** 
August 5.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1970** 
~~~~~-----~~~---~~~----2~2----~~~---~~~----2~2----~~~---~~~---~~I~-------
sept. 6.3 2.5 1.3 o.7 o.3 o.3 0.2 0.1 1945-1962** 
Sept. 9.0 3.0 1.0 1.0 1.0 0.0 0.0 0.0 1970** 
Sept. * * * 1971 
**Unpublished data compiled by Paul Waite and Dr. Robert Shaw, 1970. 
* Data not available. 
Table 2. Frequency of runs of relative humidity> 80% for Des Moines, Iowa; 
Springfield, Illinois; St. Louis, Missouri; and Evansville, Indiana in 1971. 
# of hours of continuous R.H. > 80% 
12 15 18 21 24 27 30 33 45 
June 
DesMOlnes 1 1 2 
Evansville 9 1 2 
Springfield 2 
St. Louis 4 1 3 1 
July 
Des Moines 2 3 1 
Evansville 9 3 1 
Springfield 6 3 1 
St. Louis 4 3 1 1 1 
August 
Des Moines 0 0 0 
Evansville 3 4 1 
Springfield 7 1 
St. Louis 4 4 
SeEtember 
Des Moines * * * 
Evansville 15 3 2 1 
Springfield 5 2 1 1 1 
St. Louis 12 1 1 
* Data not available 
By July 15, 1971, a strong ridge at the 700-mb level built over the western United 
States, and a subsequent trough deepened over the eastern Middle Atlantic States. 
The pattern caused a northwest air-flow over the Corn Belt. Between July 19 and 
August 1, 1971, no less than five frontal systems of cool, Arctic air masses traveled 
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out of Canada across the midwestern United States. In the last 2 weeks of July, 
temperatures in the Corn Belt dropped to 5 to 6 °C below normal throughout Iowa, 
Illinois, and Indiana. Des Moines and Waterloo, Iowa, had record minimum tem-
peratures in the last few days of July. 
Relative humidities greater than 80% for periods greater than 12 hr were observed 
at various stations throughout the Corn Belt. St. Louis, Missouri, reported relative 
humidity values above 80% for up to 39 consecutive hours from July 10 to 19. 
Evansville, Indiana, reported relative humidity values above 80% for as many as 15 
consecutive hours per day from July 10 to 17. Des Moines, Iowa, and Springfield, 
Illinois, measured some significant relative humidity periods earlier in the month 
(Tables 1 and 2). 
Figure 4 shows that the SCLB was more prevalent in a west-east band from St. 
Louis, Missouri, into Indiana; whereas, at this time areas around Springfield, 
Illinois, and Des Moines, Iowa, were not severely infected by SCLB. 
During August the mean ridge extended over the western and northcentral United 
States, bringing warm, dry weather to the northern Great Plains. Across North 
America the mean jet axis generally was north of normal, and most cyclones crossed 
Canada. 
On the average the temperature regime for August for the Corn Belt was below 
normal. Western Iowa measured less than 2. 5 cm rain, and the eastern borders of 
the Corn Belt received between 2. 5 and 5 cm. Certain areas in Missouri received 
10 to 20 cm of precipitation from violent thunderstorms in the area. This precipi-
tation is important because it may have started a secondary wave of blight infection 
in Missouri. Within the first week of August,Evansville, Indiana, recorded signifi-
cant relative humidities for periods up to 18 hr per day, and temperatures were in 
the 20 to 30°C range. Bauer (1972) reported that field surveys (Fig. 3) showed that 
SCLB was spreading rapidly in southeastern Missouri after a period of rainy, humid 
weather. St. Louis reported significant relative humidities for a period of 27 con-
secutive hours during August 3 to 5. By late August SC LB had become a serious 
problem in locally affected areas around St. Louis, eastward across Illinois, and in 
southern and western Indiana. The severely blighted areas occurred where favor-
able environmental weather conditions existed from frequent rain or heavy morning 
dews (Wallin, 1971). The most severely blighted areas occurred along the Missis-
sippi, Ohio, and Wabash river basins. 
Throughout most of Iowa SC LB severity in T-cytoplasm plots remained low to 
nonexistent. This probably resulted from low humidity and cooler temperatures. 
According to unpublished data recorded at Ames, Iowa, from Wallin, the only inter-
val of significant relative humidities greater than 90% occurred in early July. For 
the remainder of July and all of August no significant incidences of high humidity 
were measured. 
RESULTS AND DISCUSSION 
The intent of this research was to. examine the effects of atmospheric transport 
and displacement of H. maydis spores throughout the United States. Atmospheric 
spore content and wind-pattern analyses were used to estimate the effects of atmos-
pheric transport of_!!. maydis spores. 
Periodic weekly, horizontal flight samples were collected in the afternoon hours 
during mid-to-late summer over the Corn Belt. The samples provided little evi-
dence of any significant atmospheric transport of these spores, although periodic 
spore capture along the flight paths seemed to indicate where local infections at the 
surface were present. Vertical, upper-air profiles were collected for 5 days during 
mid-to-late summer of 1971 over Rockville, Indiana. Examples of the vertical 
concentrations of.!!_. maydis and Alternaria spores are shown in Figures 1 to 3. Each 
vertical sampling occurred when the upper atmosphere was considered stable because 
of subsidence conditions . The vertical extent of the two spore profiles seems se-
verely limited by the height of the daytime inversion layer, which is typically about 
1971 Com Blight Watch Experiment 
Figure 4. Blight severity of Texas male-sterile cytoplasm corn, July 26 to 30, 1971, Bauer (1972) . 
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Figure 5 . Blight severity of Texas male-sterile cytoplasm corn, August 9 to 13, 1971, Bauer (1972). 
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Figure 6. Blight severity of Texas male-sterile cytoplasm corn, August 23 to 27, 1971, Bauer (1972). 
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Figure 7. Twelve-hour trajectory wind patterns for OOZ August 18, 1971. 
Figure 8. Twelve-hour trajectory wind patterns for 12Z August 18, 1971. 
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1500 m in the summer (Holzworth, 1964). The spore concentrations, shown in 
Figures 1 to 3, seem relatively constant up to the inversion height, indicating tho-
rough mixing by convective currents in the lower atmosphere below the inversion 
layer. Notice that the Alternaria profiles exhibit a secondary maximum above the 
inversion layer, which may indicate subsidence of spores from areas other than 
local ones (Hirst and Hurst, 1967). This explanation seems plausible because 
Alternaria is considered a widespread fungus even in Canada, where.as the SCLB 
fungus is more widespread throughout the Corn Belt and southern regions of the 
United States where environmental conditions are more conducive to this particular 
symbiotic relationship. 
This does not rule out the possibility of advection of SC LB spores by the upper 
winds, but suggests that the number of SC LB spores reaching sufficient altitudes 
for transport may be so diffuse as to render them virtually undetectable by spore-
sampling apparatus. 
To determine the effects of atmospheric wind dispersal of SCLB spores, compare 
the trajectory patterns calculated for August 17 to 18 (Figs. 7 to 9) with the wind 
patterns calculated for August 30 to 31 (Figs. 10 to 12). For August 17 to 18 the 
trajectories over the sampling area originated from southern and local areas con-
sidered infected with moderate or severe SC LB. These areas of infection include 
portions of southern Illinois and Missouri (Figs. 5 and 6). The wind patterns for 
August 30 to 31, originating from areas south and east of Rockville, Indiana, are 
considered less infected with minor local SCLB infections (Fig. 6). The spore pro-
files for SCLB (Figs. 1 and 2) for August 17 to 18, show little contrast to Figure 3 
for August 31. In each case the Alternaria profiles show little variability, except 
in Figure 3, where the Alternaria profiles at 2300 m exhibit a striking secondary 
maximum. The similarity in the SCLB profiles for August 17 to 18 and August 31, 
in contrast to the wind-trajectory patterns over different areas of SC LB infection, 
suggest that the spore profiles observed over Rockville, Indiana, were local in 
origin and that advection of SC LB spores was not detectable. 
Each vertical-sampling period occurred when atmospheric conditions were 
influenced by a large, Arctic high-pressure region, which moved into the Corn Belt 
from Canada. Typically, these Arctic highs exhibit large dew-point spreads so 
that, at night, radiational cooling occurs rapidly and the night temperatures stabi-
lize near the dew-point temperature at the surface. This weather phenomenon 
creates nocturnal inversions in the lower atmosphere, sometimes extending up to 
200 m (Holzworth, 1964). Just after sunrise, absorption of solar radiation by the 
ground and heat conduction to the air in contact with the warm surface result in 
unstable lapse rates and vertical mixing within the inversion layer. Thermal eddies 
rise from near the surface to the top of the inversion layer, and for a short time 
may be transported back to the earth's surface by turbulence. Consequently, during 
these short periods of turbulent mixing, the aerosol content, including the SCLB 
spores trapped throughout the inversion, will be transported to the surface; by 
chance, some of these spores will be deposited on the tops and some diffused into 
the crop canopies of cornfields. Evidence of the tops of corn canopies infected with 
SCLB has been cited by Wallin1. This phenomenon of downward vertical transport 
of the aerosol content in the morning by turbulent thermal eddies is referred to as 
fumigation. Instances of fumigation properties have been cited by Hewson and Gill 
(1944) and Hewson (1955). If this phenomenon does indeed occur, then spore dis-
persal may, in part, be thought of as a cyclic process, recycling itself every 24 hr. 
Environmental conditions imposed by these Arctic air masses critically limit 
the growth and regeneration of the SCLB fungus, thus limiting the numbers of SCLB 
spores released into the atmosphere. The collection of SCLB spores in vertical 
profiles of the lower atmosphere indicates that dispersal of SCLB spores by the 
low-level winds is quite possible. It seems, however, that long-distance transport 
1Wallin, J. R. 1972. Personal communication. 
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Figure 9. Twelve-hour trajectory wind patterns for OOZ August 19, 1971. 
Figure 10. Twelve-hour trajectory wind patterns for OOZ August 31, 1971. 
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Figure 11. Twelve-hour trajectory wind patterns for 12Z August 31, 1971. 
Figure 12. Twelve-hour trajectory wind patterns for OOZ September 1, 1971. 
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and eventual severe infection in a new area is less probable than a continual migra-
tion of the SCLB fungus. This migration is considered a stepwise progression from 
one local area to another, where environmental conditions (i.e., seasonal changes) 
favor the sequential growth of this fungus. This process eventually progresses as 
far north as restrictive environmental conditions permit. 
In conclusion it seems that the disease-gradient potential for SCLB may be moni-
tor ed by micrometeorological conditions within the crop canopy because the growth 
of SCLB is governed by the particular environmental interactions of temperature 
and wetness. Cornfields in Iowa in 1971 were more evenly covered with SC LB in-
fections than in the summer of 1970; yet, no epiphytotic occurred in 1971. The 
absence of a severe blight in Iowa during 1971 can be linked to the abnormally dry 
conditions for August. These conditions were imposed by the large-scale, synoptic 
patterns. Further, climatological examination of areas where periods of signifi-
cant, implied dew duration were recorded are in agreement with areas of severe 
corn blight. Therefore, in developing means to predict disease-gradient potential, 
this research suggests that the environmental conditions at the surface are more 
important factors in monitoring the growth and spread of this disease than are spore 
transport and dispersal by low-level winds. 
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SYNERGY: A Modus Operandi for Educators in the Future 
John Barry DuVall1 
ABSTRACT. Systems analysts, theologians, medical technologists, and collective 
behaviorists in the sociological realm have all touched on the theory of synergy. 
The application of the theory to education has not been widely adopted. Could learning 
really be greater in a structured synergized group experience than in a traditional 
lecture/demonstration mode? This question formed the basis for the following 
research on educational synergy. The methodology utilized was experimental and 
involved three treatment groups. One pretest and two posttests were used to evaluate 
behavioral changes resulting from specific group treatments. Analysis of the data 
revealed that the synergized group did indeed yield significantly higher scores on 
the content mastery criterion instrument. No change in self-concept score as 
revealed through gain scores on the POI self-concept test was observed. 
INTRODUCTION 
SYNCON is an opportunity to learn and to teach, to talk and to listen, to be 
absorbed in Government, in the Arts and the Sciences, to hear new view-
points and to give yours, to agree and to argue-All are fundamental to the 
creativity which is SYNCON. (The Committee for the Future, 1973a, p. 3) 
The Committee for the Future, a nonprofit multidisciplinary conglomerate com-
posed of experts and novices from all walks of life, has made a tremendous splash-
down with the participative process labeled 11 SYNCON, " an acronym for SYNergistic 
CONvergence. During the summer of 1973, SYNCON activities were held in various 
locations throughout the United States from Washington, D. C. to Arizona, and in 
European sectors such as Jamaica and England. The participative group sessions 
structured by SYNCON leaders were geared toward finding solutions to a wide range 
of future-oriented problems in realms such as society, technology, and industry. 
Coverage by media sources such as the Washington Post, May 11; Philadelphia 
Sunday Bulletin's Discover magazine, May 20; WCAU radio, Philadelphia interview/ 
tapes of inner city SYNCON; KNCC-TV, Los Angeles, California inf.erview; live talk 
show, WGHP-TV, Winston-Salem, North Carolina; June news story, CFF Miami 
Herald; and others which illuminated SYNCON activities seemed to indicate that the 
public was interested in the SYNCON methods. 
Syncon 73, published by the Committee for the Future, carried the following 
report: 
Government, special interest groups and individuals have long tried to deal 
with problems in a piecemeal fashion. Experts study smog, famine, crime, 
unemployment, war, over-population, traffic jams, ghetto and campus vio-
lence as if they were all separate problems. This has not worked. 
SYNCON is a new tool to understand society's problems in the context of a 
whole system and to work out wholistic integrated solutions. 
(The Committee for the Future, 1973a, p. 3) 
SYNCON experiences, based on the theory of synergy, were purported to be stimu-
lating for all concerned. Media coverage of SYNCON activities seemed to indicate 
that old encounter group activities, typical of the sixties, were simply being re-
kindled. This was apparent in a statement on SYNCON reported in the New Worlds 
1 Assistant Professor , Department of Industrial Education, Iowa State University, 
Ames, Iowa 50010. 
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Newsletter of August, 1973: 
The spirit of the Washington, D. C. SYNCON May 7-10, 1973, was perhaps 
best symbolized at the start of 'walls down' on Wednesday afternoon where 
everyone joined hands in a spontaneous ritual spiralling toward the center 
of the wheel. .. (The Committee for the Future, 1973a, p. 3) 
Participants were on the precipice of discovering the theory of synergy. The truth 
of the matter was that although the Committee claimed to analyze critically problems 
of the future in a synergetic mode, they were actually utilizing methods common to 
sociological collectivists since 1895. 
DISCUSSION 
The forthcoming discussion deals with the theory of synergy as something con-
siderably more complex than simple interactive sessions between human participants. 
The theory of synergy applied to educational methods has the potential for added 
reality in stimulating self-motivation and excitement and for making the game of 
learning and living more pleasurable. Hopefully, careful study of this analysis will 
encourage others to join in the development, application, and evaluation of the theory 
of synergy and experiment with implementation of the methodology in their own edu-
cation environments. 
The theory of synergy is not a product of a decade blighted by the effects of future 
shock. It has been studied by collective behaviorists for centuries, but has been 
largely ignored by educational theoreticians. 
The concept of synergy is inherent in systems thinking. The creation of the 
term has been attributed by some to the American sociologist, Lester Ward. The 
root of the term, however, can be attributed to the Greek word synergerikes, meaning 
synergon-working together. The effect of synergism, which produces both analysis 
and synthesis, is what has commonly been described as the Systems Approach. 
The Center for Coordinated Education (1967), Santa Barbara, California, in a 
brochure entitled Strategies for Curriculum Improvement-Synergetics and the School, 
defined the concept of synergy in their statement of the purposes for the Center. 
The directors stated: 
The center was born to combat the problems inherent in the organization 
and conflicting purposes of educational institutions. The early efforts of 
the center sought a corrective strategy-a model for stimulating cooperative 
endeavor so that all the elements of an educational system could be used 
toward a common good. They sought, in one word, the achievement of a 
synergy-a condition wherein combined action results in benefits greater 
than the sum of individual actions. 
(Center for Coordinated Education, 1967, p.1) 
William Gordon (1961), in Synetics, was also seeking the synergetic effect in 
experimental work with groups. Gordon reported: 
The most definitive experimental climate for testing synectics theory has 
been industry. All manufacturing companies have problems for which the 
solutions can be valued in dollars. When Synectics groups, through the 
use of the Synectics mechanisms, repeatedly solve problems more efficiently 
than could be expected from past experience or probability alone, this im-
plies that the mechanisms constitute at least some elements of creative 
process. The productivity of these groups is the research basis for con-
tinual evaluation of the general theory of Synectics. (Gordon, 1961, p. 57) 
In his book Gordon reported on many successful applications of Synectics theory 
demonstrated in institutions including the theater, public administration, education, 
industry, and business. 
A sociological treatise, The Crowd, first published in 1895 by Gustave LeBon 
identified the concept of synergy as behavior in a psychological crowd. LeBon stated: 
SYNERGY 
The psychological crowd is a provisional being formed of heterogeneous 
elements, which for a moment are combined, exactly as the cells which 
constitute a living body form by their reunion a new being which displays 
characteristics very different from those possessed by each of the cells 
singly. (LeBon, 1968, p. 27) 
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LeBon's analysis was restricted to collective behavioral networks existing between 
individuals in a crowd. He made no differentiation between cultures and suscepti-
bility to high or low synergy. His description identified some of the peripheral 
building blocks of the concept of social synergy in action. About a decade later 
the American sociologist, Lester Ward, formulated propositions leading to his 
grand theory. The fourth of his propositions illuminated the concept of social synergy. 
For fifty years the concept received very little attention, and development was 
neglected. Recently the rediscovery of a series of papers presented by Ruth Benedict 
in a Bryn Mawr lecture provided a fresh look at the concept of synergy. LeBon' s 
general mention of the concept was framed within the realm of collective behavior. 
Ward's subtheory remained only as an abstraction of his theory of reality. Bene-
dict's (1970) concern was from a different perspective. Notes from her Bryn Mawr 
lecture presented her concept of the role of synergy in societies as follows: 
I shall need a term for this gamut, a gamut that runs from one pole, where 
any act or skill that advantages the individual at the same time advantages 
the group, to the other pole, where every act that advantages the individual 
is at the expense of others. I shall call this gamut synergy, the old term 
used in medicine and theology to mean combined action ... greater than the 
run of their separate actions. (Benedict, 1970, p. 54) 
Newman et al. (1967), in The Process of Management Concepts, Behavior, and 
Practice, defined synergy as follows: 11 ••• the combined effect of two or more co-
operative acts is greater than the sum which would result if the actions were taken 
independently" (Newman, 1967, p. 453). All the preceding authors elaborated on 
the results of the concept of synergy in general terms. However, in order to utilize 
the concepts in experimental setting of this study, it was necessary to identify spe-
cific domains potentially capable of producing the synergetic effect. 
Figure 1 illustrates the various domains which may be productive of synergism 
when mixed in a system involving innumerable interacting relationships. 
Research in many diverse areas was necessary before the concept of synergism 
could be tested in the Industrial Arts laboratory situation. An analysis of the litera-
ture in business, sociology, psychology, and industry was productive of the following 
findings: 
Group Interaction 
The individual constantly learns through group activities. 
Group activities have instructional advantages over individual 
activities in many instances. 
Role playing in groups has been recognized as an effective 
means of developing the self concept. 
Simulation and Gaming 
Gaming has been recognized as an effective means of stimulating 
group interaction. 
Role playing exists in game situations. 
The self concept can be built by analyzing behavior through 
game situations. 
Gaming is often a real life situation. 
Culture arises in the form of play and the game. 
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Figure 1. Model of educational synergism. 
SYNERGY 
Systems Analysis 
Systems analysis has been proven to be an effective means of 
problemsolving in government, military, business, industry, 
and the behavioral sciences. 
Systems analysis is an effective tool for analyzing interactive 
patterns existing in behavioristic systems with many subsystems. 
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The following analogy illustrates the synergized and the nonsynergized activities. 
Four blind men went to see an elephant with the intent of combining their ex-
periences to determine just what the elephant looked like. One of the men felt the 
elephant's tail and said it was like a snake. Another felt its ear and said it resembled 
a leaf. A third felt its leg and exclaimed that it was like a tree. The last felt its 
back and said it was like a rock. This approach might be compared with contempo-
rary classroom situations where content is presented with no real concern for all 
of the youth's life experiences. The total of the blind men's separate experiences 
could not synergize the parts into an elephant. Opposed to this nonsynergized ap-
proach, the concept of synergetics strives toward putting the pieces together in a 
meaningful way. 
Some new curriculum efforts have incorporated the concept of synergy. One 
example is the industrial enterprise approach that employs work roles to simulate 
real situations. Thus, individual role performance is directly related to success 
or failure of the enterprise. The enterprising activities including problem solving, 
simulation, and gaming resulted in interactions productive of peer pressures and 
the formation of more positive self concepts. 
On numerous occasions I have witnessed the intense excitement inherent in 
synergized educational experiences. The question that stimulated this study was 
whether learning would be greater in the synergized activity or in the nonsynergized 
activity. 
STATEMENT OF THE PROBLEM 
The problem of this study was twofold: (1) to determine if synergized learning 
experiences provide implications for curriculum development in Industrial Arts 
Education and (2) to determine whether synergized learning experiences are valuable 
in terms of the development of self concept. 
STATEMENT OF THE PURPOSE 
The purpose of this study was: 
(1) to ascertain whether curriculum in Industrial Arts Education need put in-
creased emphasis on the relationship of the individual and environment, 
(2) to determine whether environments for learning could be designed which 
would more effectively lend themselves to synergized learning experiences, 
(3) to ascertain the effect of synergized learning experiences in the develop-
ment of self concept in Industrial Arts Education, 
(4) to provide evidence from comparing curriculum emphasis placed primarily 
on the student with emphasis on systems of content delineation, 
(5) to ascertain the value of simulated industrial environments as moti-
vational stim ulators, 
(6) to ascertain the effectiveness of the game-in-play situation as a valid 
means of simulation. 
PROCEDURE 
The study involved 60 students who were taking graphic arts classes during the 
spring term of 1972. Fourteen class periods and three graphic arts sections were 
involved in the experimental study. 
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On the first day of the study all subjects in the selected population were given a 
questionnaire on the microfilm industry and the POI test for self-actualizing value. 
They were then split by class periods into three treatment groups. The three treat-
ments used were synergized, nonsynergized, and control. Attempts were made to 
match the synergized and nonsynergized treatments to classes with nearly equal self-
concept scores. The cooperating instructor was questioned regarding the equality 
of interests and abilities in his classes with the intent of assigning the "S" treatment 
and "NS" treatment to classes as nearly alike as possible. 
The 11 S11 treatment consisted of a group analysis of the microfilm industry with 
group members performing several different roles which had been established by 
the group. The manipulative activities involved in the 11 S11 group were individual 
activities, which were eventually combined to fulfill the objectives of the group effort. 
The product of the 11 S11 group took the form of a video-tape recording of the industry 
studied. 
The 11 NS11 treatment involved an individual approach to the study of the microfilm 
industry. Subjects received a booklet on the microfilm industry and were asked to 
study the booklet, select one form at used by the industry from the booklet, and 
develop one example of this format in their graphics laboratory. Students in the 
11 NS11 group were scheduled individually in the darkroom. The booklets, books, and 
periodicals used by all groups in their preliminary research efforts were kept in 
the laboratory and were not circulated outside of class. 
The " C" group treatment received no mention of the microfilm industry. The 
group consisted of a conventional graphic arts class taught by the project-oriented 
approach toward the study of graphics. 
After the 14 period treatments, the POI posttest and the mastery criterion instru-
ment were administered to the 11 S11 and 11 NS11 groups. The " C" group took the POI 
test during the fourteenth period and the content mastery test during the fifth class 
period. 
STATEMENT OF HYPOTHESES 
The following hypotheses were tested in terms of the experimental data collected 
in this experiment: 
(1) that there would be no significant difference between means obtained by 
the various treatment groups on the content mastery criterion instrument. 
(2) that there would be no significant difference between gain score means 
obtained by the various treatment groups on the POI posttest for self 
concept. 
TEST DATA AND STATISTICAL INFERENCE PROCEDURES 
Content Instrument Analysis 
After using the microfilm instrument in the pilot study the researcher attempted 
to improve the instrument by removi]lg all negative discriminators and modifying 
poor decoy choices on the multiple-choice and matching items. In its final form the 
test had 45 items: 26 true-false, 14 multiple choice, and 5 matching. 
A reliability estimate was determined for the instrument by the use of the Kuder-
Richardson Formula 20 (Ebel, 1965, p. 319), from which the test reliability co-
efficient obtained was O. 656. 
POI Self Concept Instrument 
Everett L. Shostrom' s Personal Orientation Inventory-An Inventory for .the 
Measurement of Self-Actualization was used to assess self concept as defined within 
the context of this study. 
The POI contains 150 two-choice comparative value and behavior judgments. 
The items are scored twice, first for two basic scales of personal orientation (inner 
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directed support (127 items) and time competence (23 items)) and second for ten 
subscales, each of which measures an element of self-actualization. POI scores for 
the scales and subscales can be interpreted in light of the norms that have been es-
tablished and the personality categories they are designed to assess. Test Retest 
Reliability coefficients for the POI subscales were as follows: 
Synergy 0.72 
Time competence 0. 71 
Inner directed 0. 84 
Self-actualizing value 0. 74 
Existentiability 0. 85 
Feeling reactivity 0. 69 
Spontaneity 0. 60 
Self regard O. 75 
Self acceptance 0. 80 
Nature of man O. 66 
Acceptance of aggression O. 55 
Capacity for intimate contact 0. 75 
After administration of the three treatments, data obtained were analyzed through 
three computer programs: (1) analysis of variance for a one-way design, (2) analysis 
of covariance with multiple covariates, and (3) a test-scoring program yielding 
reliability coefficients on the microform instrument. The Hartley F max test was 
used to test for homogeneity of variances between groups. The variances were 
found to be similar enough for application of analysis of variance procedures. 
Because the same form of the POI test was used for both pretest and posttest 
measures of self concept, an analysis of covariance was used to hold constant and 
pretest scores and analyze the difference or change in the POI scores. The groups 
were again tested for homegeneity of variances, and after concluding that the groups 
were indeed homogeneous the analysis of covariance program was administered. 
After data analysis the descriptive statistics obtained from the application of the 
Table 1. Gain scores on POI. 
Treatment 
"S" 
11 NS11 
"C" 
POI pretest mean 
78.05 
82. 76 
81. 68 
POI posttest mean 
78.50 
86.65 
87.15 
Gain score 
0.45 
3.88 
5.47 
Table 2. Means and standard deviations-content mastery criterion instrument. 
Treatment group Sample size Mean Standard 
group size deviation 
"S" 20 24.30 5,58 
11 NS11 17 20.58 4.00 
"C" 19 19.84 4.93 
FINDINGS 
Hypothesis 1. With 2, 53 df the critical F value necessary to reject the hypothesis 
at the 0. 05 level of significance was 3.17. A significant F ratio of 
4. 57 was computed for the total test scores. 
Hypothesis 1 was rejected. 
Hypothesis 2. With 2, 52 df the critical F value necessary to reject the hypothesis at 
the 0. 05 level of significance was 3.17. A nonsignificant F ratio of 
1. 65 was computed for the total test scores. 
Hypothesis 2 was retained. 
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CONCLUSIONS AND IMPLICATIONS 
The findings of this study indicate that synergized educational experiences can 
be used as effective modes of presenting content in the area of Industrial Arts 
Education. This study has provided preliminary support to the theory of synergy, 
and has provided additional evidence regarding the effectiveness of group educational 
systems. Some of the new curriculum approaches in the field of industrial technology 
have capitalized on the theory of synergy. Programs preparing students for the 
future, with new concepts in learning and laboratory design, should not ignore the 
concept of synergy. 
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ABSTRACT. In 1970, water-quality data and fish samples were collected from 
stations along a 50-km reach of the Skunk River near Ames, Iowa. High levels of 
plant nutrients and planktonic chlorophylls were found. Treated sewage effluents 
introduced at Story City and Ames prcxluced measurable changes in several chemical 
parameters. Fewer fish species were found than had been reported in 1892. Present 
distributions were correlated with the geological structure of the stream channel. 
The greatest diversity of fish species was upstream from Ames, where the bedrock 
is close to the surface, forming a heterogeneous streambed of pools and riffles. In 
the southern part of this reach a low-diversity ichthyofauna dominated by carp was 
found in a more homogeneous substrate of shifting sand. These geological factors 
seemed more important in determining fish distributions along the river than did 
the observed water-quality differences. 
INTRODUCTION 
The United States has a general problem of deteriorating water quality. One 
effect of poor water quality is its influence on the natural stream life. A study was 
conducted in 1970 on the Skunk River, Iowa, to determine the ecological charac-
teristics of a central-Iowa stream, ".Vith emphasis on the influence of water quality 
and geological structure on the stream ichthyofauna. This study also served as a 
pre-impoundment survey for a proposed reservoir 2. 4 km north of Ames. 
The Skunk River lies entirely within the State of Iowa in a long, narrow basin 
extending from northcentral to southeastern Iowa, draining an area of 6, 968 km2 
as a tributary of the Mississippi River. 
From its source to 1 Ian north of Ames the Skunk River meanders south in a 
narrow postglacial valley with a rock, sand, and mud channel characterized by 
riffle and pool areas. North of Ames the river enters a preglacial channel, which 
widens below Ames into a broad flood plain. The preglacial channel has a shifting 
sand substrate. Profiles of the underlying rock formations in the Skunk River ex-
plain the change of substrate in the river bed (Dougal, 1969; Kent, 1969; Akhavi, 
1970). For acceleration of drainage the stream channel 5 km below Ames to Colfax 
was artificially channelized by dredging during 1893 to 1923. This channelized reach 
is presently undergoing the processes of re-establishing a meandering course (Wells, 
1956). 
Stream-stage and discharge measurements were collected at two locations within 
the study reach by the U.S. Geological Survey, Iowa City, Iowa. The northern gauge 
is located 4. 02 km north of Ames and meters the drainage from 507 .15 km2. The 
average dis-charge at this location is 3. 79 m3/ sec, with ranges of 244. 23 m3/sec 
1Journal Paper No. J-7698 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project 1841. A contribution from the Iowa Cooperative 
Fishery Unit sponsored by the Iowa State University of Science and Technology, 
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¥ordova, Illinois 61242. 
Professor, Department of Zoology and Entomology, Iowa State University, Ames, 
Iowa 50010. 
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to periods of no flow. The southern gauge, below Ames, is located 0. 32 Ian below 
the confluence of Squaw Creek and the Skunk River, metering drainage from 895.16 
Ian2. The average discharge at this location is 6. 79 m3/ sec, with ranges of 262. 06 
m3/sec to no-flow periods. 
Three sources of municipal sewage are located along the study reach. Story 
City, Iowa (population 2, 104) and Ames, Iowa (population 39, 505) discharge second-
arily treated sewage directly into the Skunk River. Cambridge, Iowa (population 
661) has a septic-tank system connected to a tributary stream. 
MATERIALS AND METHODS 
In January 1970, seven sampling sites for chemical analyses were selected at 
bridge sites indicated in Fig. 1 (Coon, 1971; Jones, 1972). Stations 1, 2, and 3 
were located along the meandering postglacial channel with a rock, sand, and mud 
substrate. Stations 4 and 5 were located along the meandering sand-bottom region. 
Stations 6 and 7 were located within the channelized region and had a shifting-sand 
substrate. At the Story City and Ames sewage-treatment plants, water samples 
were collected 90 m above (Stations lA and 4A, respectively) and 90 m below (Stations 
lB and 4B, respectively) the outfalls as well as from the sewage effluents (Stations 
1E and 4E). 
Sampling began for chemical analyses February 7, 1970, and continued on a 
weekly basis until June 2, 1970. During the summer months, sampling was con-
ducted twice a week. From September 3, 1970, to December -21, 1970, sampling 
was limited to twice a month. Samples were collected at all stations between 0700 
and 1200 hours on each sampling date. Collection began at Story City (Station 1) 
and continued downriver, following the numerical sampling sequence. Samples 
were returned to the laboratory and refrigerated to retard biological alteration. 
All chemical tests were completed within 12 hours after sample collection. 
Fish specimens were collected at the same stations as well as at some inter-
mediate points (indicated by letters in Fig. 1), from April 11 to November 23, 1970. 
Statistical analyses were performed with assistance from the Statistical Labora-
tory, Iowa State University, Ames, Iowa. 
PHYSICAL MEASUREMENTS 
Turbidity, in Jackson Turbidity Units (JTU), was measured by use of a Hach 
Laboratory Turbidimeter Model 2100. Discharge measurements from the USGS 
gauge north of Ames were used as flow values for stream-sampling Stations 1, 2, 
and 3. Discharge measurements at the southern gauge were used as flow values 
for samples collected above the Ames effluent (Station 4A). Flow values for stations 
below the Ames effluent (Stations 4B through 7) were calculated by combining flow 
values from the southern gauge and the mean Ames effluent discharge (m3/sec) for 
that date. 
CHEMICAL MEASUREMENTS 
River-water samples for chemical analyses were collected by immersing BOD 
Bottles 10 to 20 cm below the water surface. The following colorimetric tests were 
made by use of a Hach DR Colorimeter (Hach, 1967). Ammonia nitrogen was deter-
mined by direct Nesselerization, nitrate nitrogen was determined by cadmium re-· 
duction, nitrite nitrogen was determined by diazotization, and orthophosphate was 
determined by the stannous chloride method. 
The pH was determined in the field by use of a Beclanan Model N pH meter. An 
Industrial Instruments Conductivity Bridge Model RC 16Bl was used to measure 
specific conductance, recorded in micromhos/ cm at 25C. The mercuric nitrate 
method was used to determine the chloride concentration. Chemical oxygen demand 
(COD) was measured by the dichromate oxidation method (A. P.H. S, , 1965) by use 
of 0. 025 N reagents. The Winkler method was employed to measure dissolved oxygen. 
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Figure 1. Map of the study area on the Skunk River, Iowa, with the primary stations 
(Arabic numbers) and secondary stations (capital letters). 
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BIOLOGICAL MEASUREMENTS AND FISH COLLECTION 
Samples for chlorophyll a measurements were taken by immersing a 1-liter 
polyethylene bottle 10 to 20 cm below the water surface. In the laboratory a meas-
ured subsample was filtered through a Type A Gelman glass fiber filter. The filter 
was stored up to 40 days frozen over desiccant. Chlorophyll concentration was 
determined by use of the methods of Richards with Thompson (1952) and Yensch 
and Menzel (1963). Values were calculated from the equations of Parsons and 
Strickland (1963). 
Four types of gear were utilized in collecting fish: (1) a 3-m common-sense 
minnow seine with 6-mm mesh, (2) a 7. 62-m bag seine, (3) 1. 8-m to 3-m long 
hoopnets of 0. 06-m diameter, and (4) a 230-volt AC electric shocker. Fish were 
weighed to the nearest gram on a Hanson scale and measured to the nearest O. 1 cm 
before being returned to the river. 
A least significant difference test (LSD) (Steel and Torrie, 1960) was performed 
to test all paired means with the level of significance set with P = O. 05. 
RESULTS 
Data collected on limnology of the Skunk River in 1970 indicated that water quality 
from Story City to Ames was different from quality between Ames and Cambridge, 
Iowa (Table 1). This difference resulted from the Ames sewage effluent. Hence, 
data collected from Story City to Ames (Stations lA to 4A) were grouped together 
for analysis. A second group of data included stations below Ames. 
Table 1. Mean water...,quality parameters in the Skunk River in 1970 for stations 
located between Story City and Ames, Iowa, and stations between Ames 
Ames and Cambridge, Iowa. 
Parameter 
P04 (mg/1) 
NH3-N (mg/1) 
NOrN (mg/1) 
N03-N (mg/l) 
Chloride (mg/1) 
Chlorophyll a (mg/ m3) 
COD (mg/1)-
Specific conductance (micromhos/ cm 
at 25 C) 
Mean value from 
Story City to Ames 
0, 52 
0.75 
0.052 
3.0 
26.08 
39.12 
21. 9 
690.6 
Mean value from 
Ames to Cambridge 
1. 50 
0.89 
0.054 
3.1 
21.11 
34.23 
25.3 
684.7 
Turbidity values ranged from 4 to 405 JTU during the study. Mean turbidity 
values increased progressively downstream from Stations lA to 7. Mean turbidity 
values for Stations lA to 3 were significantly lower than means for Stations 4A to 7 
(Table 2). 
Chloride measurements were quite variable and rangeri from 8. 90 mg/1 to 52. 50 
mg/1. Values for Stations lA through 3 were consistently higher than Stations 4A 
through 7. The mean chloride value for Station 4B was higher than values for other 
downstream stations because of addition of chloride to the river from the Ames efflu-
ent which averaged 42. 39 mg/1 chloride. The Story City effluent averaged 39. 28 mg/1 
chloride, but did not greatly increase the Station lB mean value, because of high 
river chlorides in this reach. On six sampling dates the Story City effluent had a 
lower chloride concentration than did the river at Station lA. 
The mean specific conductance values for Stations 2 through 7 were not signifi-
cantly different (Table 2), although mean values decreased slightly at the downstream 
stations. Specific conductance measurements of effluent samples were consistently 
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Table 2. Mean water-quality parameters in the Skunk River in 1970 for stations lA 
to 7. a 
Parameter Stations 
(mean} lA 1B 2 3 4A 4B 5 6 7 
JTU 37 33 34 38 44 42 45 46 51 
Chloride 28.35 28.82 28.40 27.00 20.57 23.68 22.47 21.08 19.79 
---\.___! 
Specific 
conductance 721 736 694 679 667 688 687 687 674 
COD 24.3 26.7 26.2 26.1 21.2 27.1 24.8 25.2 24.0 
Dissolved 
oxygen 8.85 8.75 8.32 8.64 9.61 9.32 9 .15 9.11 9.06 
~-----....... / 
Orthophosphate 0.60 1.06 0.61 0.48 0.39 2.26 1.42 1.50 1.56 
~ I 
NHrN 0.81 0.98 0.76 0.76 0.69 1.22 0.90 0.90 0.84 
---.......__, .. 
~- --- -· - ·-- - --· - - · - -- ~--
N02-N 0.064 0.070 0.059 0.048 0.035 0.070 0.052 0.052 0.052 
,,,,----
NOrN 2.94 3 .10 3.23 3.04 3.05 3.12 3.02 2.94 3 .17 
Chlorophyll ~ 26.69 26.83 48.36 49.98 31.45 31.65 35.86 32.64 34.17 
a Any two means joined by the same straight line are not significantly 
different by the Least Significant Difference test (P = 0.05). 
higher than were river values, causing increased values at Stations lB and 4B. The 
mean specific conductance value during the period of study was 976. 0 micromhos/cm 
at 25 C for the Story City effluent and 831. l micromhos/cm for the Ames effluent. 
COD values, expressed as mg/ l oxygen, ranged from 3. 8 mg/l to 132. O mg/l in 
river samples. The results of a I.SD test indicated that none of the mean COD values 
of the various stations differed significantly (Table 2). COD values of the Ames and 
Story City sewage effluents averaged 47. 8 mg/land 65. 9 mg/l, respectively, causing 
slightly higher values below the outfalls. 
Diurnal fluctuations of dissolved oxygen (DO) (mg/l) made it difficult to draw 
comparisons between DO samples taken in successive order at various locations 
along the sampling reach. Stations sampled later in the day yielded values closer 
to the daily maximum. Analysis of the mean DO values by the LSD test indicated 
that four groups of mean values described the DO averages from Stations lA through 
7 (Table 2). Stations located downstream from the Ames (Stations 5, 6, and 7) and 
Story City outfalls (Stations 2 and 3) had mean DO values significantly below mean 
values for samples collected above and immediately below the effluents. This de-
crease resulted even though the downstream samples were collected later in the day. 
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During the study orthophosphate varied from 0. 03 mg/I to 4. 60 mg/I in river 
samples. Mean orthophosphate concentrations were significantly higher for sampling 
stations below Ames than for stations upstream. Mean P04 values for the study 
period at Stations lB and 4B (below the effluents) differed significantly from those 
of all other stations and from one another because of the addition of orthophosphate 
from the sewage effluents. The Story City effluent had a mean value of 21. 76 mg/I 
P04, whereas Ames effluent had a mean of 22. 56 mg/I PO . 
In river samples, ammonia nitrogen ranged between O. 2f and 3. 60 mg/I NHrN. 
Samples taken from the Ames effluent averaged 8. 72 mg/I NH3-N, and the Story City 
effluent averaged 10. 34 mg/I. Mean NHrN values from both effluents were lower 
than actual values because ammonia concentration in effluent peaks in the afternoon. 
In composite effluent samples, the Ames water-pollution-control-plant personnel 
found a mean of 17. 5 mg/I NH3-N during 1970, which was twice the morning grab 
sample. Mean NH3-N concentration at Stations 5, 6, and 7 were significantly greater 
than mean values for upstream stations. Concentrations at Stations lB and 4B were 
significantly higher than those of all other stations (Table 2). 
Nitrite-nitrogen values ranged from 0 to 0. 187 mg/ I N02-N during the study 
period. Mean nitrite-nitrogen values decreased from Story City to Ames. Stations 
below Ames had a significantly higher mean N02-N concentration than Station 4A 
(Table 2). The Ames sewage effluent averaged 0. 423 mg/I N02-N; the Story City 
wastewater mean was 0.420 mg/I N02-N during the study. 
Nitrate~itrogen concentrations differed greatly between sampling dates at all 
stations. On June 30, 1970, no N~-N was detected at any river station. The highest 
N03-N value measured was 9. 9 mg/I at Station 2 on May 16, 1970. No significant 
differences existed between the mean N03-N concentration for Station lA through 7 
(Table 2). During the study the Story City effluent averaged 2.1 mg/I N02-N, and 
the Ames effluent averaged 2. 8 mg/I NOrN. Composite samples taken by the Ames 
water-pollution-control plant averaged 4. 6 mg/I during 1970. 
There was little variation in pH between stations on seven dates sampled during 
the study period, although pH tended to be lower at stations below tha effluents. The 
pH values ranged from 7. 60 to 8. 63. 
Chlorophyll~ concentrations ranged from 177. 53 to 0. 98 mg/ m3. Chlorophyll 
concentrations at each sampling station during the spring and fall periods were lower 
than summer values. Concentrations of chlorophyll a varied between stations on 
any given sampling date; stations located above Ames, however, normally contained 
higher concentrations. Mean chlorophyll a values at Stations 2 and 3 were signifi-
cantly greater than those of all other statiOns (Table 2). 
Total chlorophyll a (mg/sec) is computed by multiplying the chlorophyll a concen-
tration (mg/m3) by stream flow (m3/sec). Total chlorophyll a (mg/sec) is the amount 
of chlorophyll a (mg) carried by the river per unit of time (sec). The mean, total, 
chlorophyll a (mg/ sec) value between May 16 and September 12, 1970, at station 3 was 
77. 37 mg/sec; station 5 had a mffill of 146. 67 chlorophyll~ mg/ sec. The chlorophyll~ 
concentration (mg/m3) at Stations 3, 4A, and 5 during this period averaged 62. 41, 
38. 70, and 45.41mg/m3, respectively. The results of a LSD analysis indicate that 
the mean total chlorophyll a values (mg/ sec) at Stations 4A and 5 were significantly 
greater than the station 3 mean. This same test, applied to the chlorophyll§:. concen-
tration (mg/m3) at these stations during this period, indicated that the mean value at 
Station 3 was significantly greater than the mean values at Stations 4A and 5. These 
results suggest that, even though the mean chlorophyll 2:, concentration (mg/m3) de-
creased from station 3 to Ames, the total chlorophyll §:_(mg/sec) load carried by the 
river was greater downstream, indicating dilution by the Ames effluent. 
For each measured parameter and chlorophyll§:. concentration, a linear regres-
sion analysis was performed, and a correlation coefficient was calculated to deter-
mine relationships with stream discharge. There seemed to be no uniform variation 
among the measured variables and stream flow. Variables could be separated, how-
eve-r, into those whose concentrations either showed a significant increase with in-
creasing flow, a significant decrease with increasing flow, or no change with stream 
discharge (Table 3). Orthophosphate and specific-conductance measurements were the 
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only variables not altered uniformly by stream discharge within the study reach. The 
regression of orthophosphate data on stream discharge at stations above Ames was not 
s ignificant. A negative relationship was found between P04 and stream discharge for 
stations below Ames. This relationship is to be expected since the Ames effluent, the 
major source of orthophosphate for stations below Ames, is diluted with an increase 
in stream flow. 
Table 3. Interrelationships of the measured parameters with stream-discharge data 
collected between February and December, 1970, Skunk River, Iowa, 
Variables having a 
significant increase 
with increased flow 
N03-N N02-H 
COD 
Turbidity 
Chlorophyll~ (mg/ sec) 
Variables having a 
significant decrease 
with increased flow 
Chloride 
P04 (below Ames) 
Chlorophyll a (mg/ m 3) 
Specific conductance 
(below Ames) 
Variables having no 
significant correlation 
with flow 
NH3-N 
P04 (above Ames) 
Specific-conductance values from Stations 4A to 7 had a significant inverse re-
lationship with stream discharge. The coefficient of regression of flow and specific-
conductance values from stations above Ames were negative, but not significant. 
FISH SPECIES COLLECTED 
A total of 8, 292 fish were collected in the study area (Table 4), representing35 
species, 6 families, and 3 orders. The family Cyprinidae comprised 72% of all fish 
collected, and carp along represented 52% of the total. 
Common shiner was the predominant species collected by seining both above and 
below Ames, representing 37.1% and 34.1%, respectively. Bigmouth shiner was 
second in abundance above and below Ames, comprising 21. 2% and 33. 6%. Black 
bullhead was the dominant species collected in hoopnets above Ames>representing 
25. 2%, followed by carp and yellow bullhead with 14. 3% and 14. 2%?_,respectively. 
Below Ames, 82. 3% of the fish taken in hoopnets were carp and 6. 1 % were black 
bullhead. Carp was t he dominant species taken by electro-shocking above and below 
Ames, representing 32. 4% and 88. 5%. Both above and below Ames the white sucker 
was the second most abundant species collected by electro-s hocking, comprising 
24. 5o/c and 6. 8o/c . 
Specimens of only seven sport-fish species were collected in the study area. One 
northern pike was taken above Station lA. Forty-one channel catfish were collected, 
28 of these from stations above Ames. Nineteen bluegills were collected in the area, 
14 from above Ames. All 51 smallmouth bass, of which 37 were young-of-the-year, 
were taken at stations above Ames. One largemouth bass was collected at Station 3. 
Twenty-seven of 29 white crappie were taken above Ames, as were the 22 black 
crappie. 
Five major surveys have dealt with the composition, distribution, and abundance 
of ichthyofauna in the upper Skunk River. Meek (1892) described the Skunk River as 
being abundant with pickerel, bass, suckers, buffalo-fishes, northern pike, and 
muskellunge. The river was then bordered by a marsh with many small bayous. 
Harlan and Speaker (1951) listed the species collected after 1945. No new species 
were collected in the present study. Golden shiner was not collected in the study 
reach, but was repor ted by Harlan and Speaker (1951) and Zach (1968). The slender 
madtom was collectednorth of Ames in 1970 and by Harlan and Speaker (1951), but 
not by Paloumpis (1956) and Zach (1968). Laser, et al. (1969) seined south from 
Ames to Colfax, Iowa, and found the red shiner, bigmouth shiner, and sand shiner 
most abundant. 
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Table 4. Species of fi sh collected by seining, hoopnetting, and electric shocking in 
the Skunk River from Story City to Cambridge, Iowa. 
Esocidae 
Esox lucius 
Cyprinidae 
Campostoma anomalum 
Cyprinus carpio 
C arassius auratus 
Hybognathus hankinsoni 
Notropis atherinoides 
N otropis cornutus 
Notropis dorsalis 
Notropis lutrensis 
Notropis stramineus 
Phenacobius mirabilis 
Pimephales notatus 
Pimephales promelas 
Semotilus atromaculatus 
Catostomidae 
Carpiodes carpio 
C arpiodes cyprinus 
Carpiodes velifer 
Catostomus commersoni 
Hypentelium nigricans 
Ictiobus cyprinellus 
Moxostoma macrolepidotum 
Ictaluridae 
Ictalurus melas 
Ictalurus natalis 
Ictalurus punctatus 
N oturus exilis 
Noturus flavus 
C entrarchidae 
Lepomis cyanellus 
Lepomis humilis 
Lepomis macrochirus 
Micropterus dolomieui 
Micropterus salmoides 
Pomoxis annularis 
Pomoxis nigromaculatus 
Percidae 
Etheostoma flabellare 
Etheostoma nigrum 
(Northern pike) 
(Stone roller) 
(Carp) 
(Goldfish) 
(Brassy minnow) 
(Emerald shiner) 
(Common shiner) 
(Bigmouth shiner) 
(Red shiner) 
(Sand shiner) 
(Suckermouth minnow) 
(Bluntnose minnow) 
(Fathead minnow) 
(Creek chub) 
(River carpsucker) 
(Quillback) 
(Highfin carpsucker) 
(White sucker) 
(Northern hog sucker) 
(Bigmouth buffalo) · 
(Shorthead redhorse) 
(Black bullhead) 
(Yellow bullhead) 
(Channel catfish) 
(Slender madtom) 
(Stonecat) 
(Green sunfish) 
(Orangespotted sunfish) 
(Bluegill) 
(Smallmouth bass) 
(Largemouth bass) 
(White crappie) 
(Black crappie) 
(Fantail darter) 
(Johnny darter) 
SURVEY OF SKUNK RIVER 263 
The diversity index recommended by Wilhm and Dorris (1969) was applied to the 
sum of the species of fish collected by seining, hoopnetting, and electro-shocking at 
each station (Table 5). Diversity index values were lower below Ames than above, be-
cause the number of taxa decreased and the number of carp increased. The diversity 
index values at Stations 4A and 7 might have been higher if more than one seine haul 
had been conducted because seining would probably have yielded more species of min-
nows. 
Table 5. Diversity index of fish collected in 1970 at the Skunk River primary stations, 
with the total number of fish at each station and the percentage of carp. 
Diversity Number of Total number Percent 
Station index taxa of fish carp 
lA 3.35 21 435 4 
1B 3.22 18 385 7 
2 4.08 30 841 10 
3 3.06 27 614 48 
4A 1.34 18 487 82 
4B 1. 36 16 759 80 
5 1.19 21 957 84 
6 1. 82 17 787 69 
7 1. 88 17 671 69 
DISCUSSION 
Water quality and geological structure affect the composition and distribution of 
biota in the Skunk River, which is a nutrient-rich medium with nitrogen and phospho-
rus concentrations above the levels that Sawyer (1947) reported will promote algal 
growth. Algal growth in the Skunk River is most likely not nutrient limited but 
probably is controlled by several physical factors. In this study, chlorophyll a 
concentration was used as an index of algal concentration. Kilkus (1972), in a survey 
of central Iowa streams, found a significant positive linear relationship between 
chlorophyll a concentration and algal-cell counts. The chlorophyll a concentration 
of the Skunk-River had a significant inverse relationship with stream flow. As flow 
increased,the chlorophyll concentration decreased at all sampling stations. This 
regulation of plankton populations by factors associated with stream flow has been 
noted by several authors. Williams (1964) found lower phytoplankton populations in 
rivers during high-water periods and highest phytoplankton counts when streams 
approach pool stage. He concluded that flows may have more influence than other 
factors upon plankton. Tiffany (1958) and Round (1965) also found algal concen-
trations greater during reduced flows. 
Water quality in the upper Skunk River was markedly influenced by the Ames and 
Story City municipal effluents. With the exception of DO and turbidity, all measured 
parameters showed a higher mean value below the effluents than above. This alter-
ation of water quality is indicative of a recovery zone below a pollution source, as 
described by Bartsch (1948). The mean COD was greater below the Story City outfall 
and remained so until the river reached Ames. Concurrent with an increase in COD 
values was a decrease in 00 below Story City. At Ames (Station 4) the 00 level had 
again recovered. The progressive decrease below Story City in the mean concentra-
tion of N02-N, NH3-N, and P04 also was characteristic of a recovery zone. 
Water quality of the Skunk River underwent a change resulting from the influence 
of the Ames water-pollution-control plant. This change was expected because the 
nutrient-rich sewage effluent was added to the river water. At stations below Ames 
the mean orthophosphate, ammonia nitrogen, and nitrite nitrogen increased signifi-
cantly over the levels found above Ames. 
The mean COD values at stations below Ames were greater than values above 
Ames. As COD levels increased below the Ames effluent, DO dropped. The DO 
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levels decreased at downstream stations despite the potential increase from photo-
synthetic action, because downstream samples were collected later in the day. Re-
covery did take place within the reach, because at Station 7 (15. 8 Ian below Ames) 
the mean orthophosphate concentration was the only measured parameter that re-
mained significantly higher than the mean concentration measured at Story City 
(Station 1) . 
There seemed to be no uniformity in distribution or relative abundance of the 
ichthyofauna within the study area. The greatest number of sport fishes were col-
lected north of Ames. Below Ames carp was the dominant fish collected at all sta-
tions. A larger diversity of fish was found above Ames than below, as reflected in 
greater diversity index values at stations above Ames. 
Three major parameters were considered in determining why the marked differ-
ence occurred in the diversity-index values. These parameters were (a) the geology 
and related substrate, (b) channelization, and (c) the possible influence of the outfall 
from the Ames water-pollution-control plant. The drop in diversity-index values 
occurred between Stations 3 and 4 where the substrate in the river changes from 
boulders and gravel to shifting sand. These changes in diversity and substrate oc-
curred because of the drop in elevation of bedrock under the river channel where 
bedrock is greatly overlain with sand and gravel. The stream substrate is es-
sentially homogeneous from directly below Station 3 to Station 7. Fish-diversity 
indices were larger in the heterogeneous substrate reach (Stations 1 to 3) than in the 
homogeneous substrate reach (below Station 3 to Station 7). The diversity index 
values in the entire homogeneous shifting-sand substrate reach were low but es-
sentially uniform. Since there were essentially no differences in the diversity-index 
values between Stations 4A, 4B, and 5 (unchannelized reach), and Stations 6 and 7 
(channelized reach), we concluded that the effect of channelization did not seem to 
limit the fish diversity. The limiting factor seemed to be the shifting sand substrate, 
which accounted for the low uniform diversity values from Stations 4A to 7. Shelford 
and Eddy (1929), Stehr and Branson (1938), Trautman (1942), and Tarzwell and Gaufin 
(1953) also found bottom type a major factor in the distribution of fish species. 
During this study sufficient data were not obtained to determine what effect, if any, 
the effluent from the Ames water-pollution-control plant might have on fish distribu-
tion, composition, and relative abundance. The Ames water-pollution-control plant is 
located downstream, yet, in close proximity to the change in the geology and related 
substrate. Therefore, it was difficult to determine if the distribution and composition 
of the ichthyofauna above and below the outfall of the Ames water-pollution-control 
plant was related directly to the influence of the outfall. Laser et al. (1969)found 
lower diversity indices below the Ames outfall than above. The absence of sport-fish 
species below the Ames outfall seems attributable to the character of the substrate, 
although it is doubtful that the effluent would attract sport-fish species (Godfrey, 1970). 
Possibly the effluent could attract carp (Laflin, 1970). 
The periodic low flow conditions characteristic of the Skunk River influence 
water quality and the biota. As the Skunk River reaches low-flow conditions, nutrient 
concentrations decrease corresponding to the period of highest chlorophyll~ concen-
tration. With decreased flow and high chlorophyll a values, concentrations of nitrate 
nitrogen were lower. Orthophosphate levels varied along the study reach. Stations 
above Ames had lower P04 values during low flow; whereas, stations below Ames 
had higher concentrations due to the effluent influences. The reduction of nutrient 
concentrations during periods of phytoplankton growth has also been observed on the 
Des Moines River (Drum, 1964; Gudmundson, 1969). 
The reach of the Skunk River in this study seems to support permanent fish popu-
lations, which experience slight changes despite the low flow conditions, as shown by 
the consistent occurrence of the same species of fish present over the past 25 years. 
Paloumpis (1956} concluded that fish populations in this area were able to survive 
drought or flood periods in certain areas or sanctuaries. 
The upper Skunk River, once described by Meek (1892} as being bordered by 
bayou and marsh, has since undergone many changes. As agricultural. settlem~nt 
was being established within the watershed the wetland areas were drained by tile 
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systems connected to the river. Concurrent with accelerated drainage the channel was 
straightened below Ames. These changes are most likely the r eason for the elimina-
tion of eight species of fish in the reach since Meek's original survey in 1892. The 
municipal effluents are a more recent change and have a locally profound effect on 
water quality . 
A reservoir has been proposed for the Skunk River 2. 4 km north of Ames, Iowa, 
primarily for flood control of downstream reaches. If the reservoir were constructed, 
it is doubtful that the smallmouth bass population present in the Skunk River north 
of Ames would continue to be present in the reservoir, because of the loss of suita-
ble habitat for reproductive purposes. There would be approximately 1 km of tail-
water area potentially capable of supporting a sport fishery in terms of an area 
suitable for smallmouth bass reproduction. Regulations possibly would have to be 
applied to maintain this reach for a restricted sport fishery. 
With the Skunk River as the surface source of water for the reservoir, projections 
can be made as to its future quality by examining the past water quality of the stream. 
Plant nutrients will be collected in the reservoir from the influent stream as a po-
tential for excessive algal growths. In the reach of the Skunk River above the pro-
posed reservoir, P04, NH3-N, and N03-N concentrations generally have been in 
excess of 0. 3 mg/ I, 0. 5 mg/ I, and 1. O mg/ I, respectively. These levels will be the 
approximate concentration found in the reservoir, based on the similar concentration 
of these nutrients found by Kilkus (1972) in the Des Moines River and Red Rock 
Reservoir. From this evidence we can anticipate that the reservoir will be eutrophic 
with high populations of plankton algae, as are other bodies of water with nutrient 
..:oncentrations of this magnitude. Predictions of the thermal structure and fish 
populations in the proposed reservoir are given in Bachmann and Olson (1973). 
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GENETICS OF RESISTANCE IN MAIZE TO 
SECOND-BROOD EUROPEAN CORN BORER1 / C. W. Jennings, 2 
W. A. Russell3, W. D. Guthrie4, and R. L. Grindeland5 
ABSTRACT. The generation-mean method of analysis was used to study the inherit-
ance of resistance in maize (Zea mays L.) to second-brood European corn borer 
(Ostrinia nubilalis Hubner). The basis of evaluation was cavities per stalk counted 
50 to 60 days after dehiscence. Evaluations were of nine generations (P1, P2, F1, 
F2, BC1, BC2, F3, BS1, and BS2) in four crosses. Inbred B52 was the resistant 
parent, and L289, B39, Oh43, and WF9 were the susceptible parents. Resistance 
was dominant in all crosses. Epistasis was detected in all except one cross, B52 
x B39, and two-locus epistasis did not explain all the variation in B52 x WF9. Esti-
mates for additive genetic variance were low in B52 x Oh43; thus, predicted gains 
from selection were low. Similar estimates in B52 x WF9 were much higher, but 
these estimates may have been inflated by nonadditive genetic effects. 
INTRODUCTION 
The European corn borer, Ostrinia nubilalis (Hilbner), normally has two gener-
ations (broods) in the Corn Belt of the United States where the peak oviposition period 
of the second generation is about mid-August. The first four instars can develop 
satisfactorily on a pollen or a sheath and collar-tissue diet. Because 95% of the 
larval mortality on a resistant maize ~ mays L.) strain occurs within 3 days of 
egg hatch and some of the feeding is on sheath and collar tissue, it has been hypothe-
sized that second-brood resistance actually may be leaf-collar and sheath-feeding 
resistance (Guthrie, Huggans, and Chatterji, 1970; Guthrie, Russell, and Jennings, 
1971). 
Second-brood larvae that survive to the fourth and fifth instar invade the ear 
shank and stalk, causing severe tunnelling in highly susceptible genotypes. The 
tunnels~ se weaken the shanks and stalks and also prov ide entry for disease 
organisms that cause stalk rots. Consequently, a heavy infestation of second-brood 
larvae sets the potential for high field losses because of broken stalks and dropped 
ears. This situation was present in Iowa in 1971, but high field losses did not occur 
because much of the harvest was completed early in the season. The average fall 
larval count for Iowa in 1971 was 321 borers per 100 plants, which is considered a 
very high second-brood infestation. 
Severe field losses due to second-brood European corn borers probably have been 
averted because of the use of maize hybrids that have good stalk and shank strength, 
rather than because of resistance to infestation. An investigation of 114 inbred lines 
by Pesho, Dicke, and Russell (1965) and a more recent search of over 150 lines by 
Guthrie and Russell (Guthrie et al. , 1971) identified only one highly resistant inbred 
line; consequently, it seems very likely that few, if any, r es istant lines are used in 
1Joint contribution: Agricultural Research Service, USDA, and Journal Paper 
No. J-7692 of the Iowa Agricultural and Home Economics Experiment Station, Ames, 
Iowa 50010. Project No. 1923. Part of a thesis submitted by the senior author in 
~artial fulfillment of the requirements for a Ph.D. degree. 
Formerly graduate assistant, Department of Agronomy, Iowa State University, 
Ames, Iowa. Presently plant breeder, Peterson Seed Company, Waterloo, Iowa. 
3Professor of Plant Breeding, Department of Agronomy, Iowa State University, 
Ames, Iowa. 
4Entomologist, USDA, and Professor, Department of Zoology and Entomology, Iowa 
State University, Ames, Iowa. 
5 Agricultural Research Technician, USDA, Collaborator, Department of Agronomy, 
Iowa State University, Ames, Iowa. 
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the seed industry. With greater emphasis on high plant densities, which introduce·s 
a situation conducive to more stalk lodging, the breeder needs to be continually 
developing parental genotypes with greater stalk strength. An assist to this goal 
would be the development of materials that have higher levels of resistance to second-
brood European corn borers. 
Information on the genetics of resistance in maize to the corn borer is necessary 
to develop an effective and efficient breeding program. Considerable information 
on genetics of resistance to the first brood is available; but, as shown by Jennings, 
Guthrie, and Russell (1974), most of the genes conditioning resistance to the first 
brood probably do not have an important role in conditioning resistance to the second 
brood. In this study of second-brood resistance a diallel analysis including 10 se-
lected lines was used and gene action was found to be mainly additive. In most single 
crosses the hybrid had more resistance than the mean of the parents. 
The purpose of this investigation was to obtain more information on the genetics 
of resistance to second-brood European corn borer by using an analysis of genera-
tion means. We also included materials that permitted estimates of genetic variances, 
heritabilities, and genetic gains. 
MATERIALS AND METHODS 
The study consisted of five separate experiments, and each experiment included 
nine generations: t?e parents (P1 and P2), F1, F2, reciprocal backcrosses (BC1 and ~C 2), F 3' and 7ec1_pro?al backcross selfs (BS1 and BS.2). In each experiment P1 was 
mbred B52, which is highly resistant to second-brood European corn borers. Experi-
ments 106 (B52x L289) and 107 (B52xB39) were grown in 1968; experiments 59 (B52x 
Oh43) and 60 (B52xWF9) were grown in 1969. Tur the fifth experiment,which involved 
B52 and Oh43, 200 F2 plants and 100 plants of each backcross (BC1 and BC 2) were 
.evaluated for second-~rood :esis~e in 1969. Selfed progeny of each plant of the F2, BC1, and BC2 genera~1ons, m a_dd1hon to P1, P2, Fl' F2, BC1, and BC2 generations, were grown as Experiment 72 m 1971. 
The first four experiments had 10 replications and 3-row plots in which only the 
center row was used for evaluation. We used randomized, complete-block field 
designs. Experiment 72 had three replications and single-row plots, except P1 and 
P2 which had 3-row plots and the center row was used for evaluation. Each repli-
cation of Experiment 72 consisted of five blocks. Each block had a random set of 
4-0 F3 lines, 20 BS1 lines, 20 BS2lines,!and the P1, P2, F1, F2, BC1, and BC2 gener-
ations . A different set of 40 F3 lines, 20 BS1 lines, and 20 BS2 lines was repre-
sented in each of the five blocks of a replication. The 86 entries were randomized 
within a block, and all five blocks were randomized within each replication. There-
fore, each replication consisted of 430 entries, systematically blocked so that con-
founding of any existing microenvironmental heterogeneity with entries would be 
minimized. All experiments had rows spaced 102 cm apart, and each row had 16 
plants after thinning in single-plant hills spaced at 33 cm. 
An additional study for second-brood resistance of 200 F2 plants and 200 back-
cross plants from the cross of B52 x WF9 was conducted in 1969. 
Techniques for artificial infestation of plants with second-brood European corn 
borers have been given elsewhere (Guthrie et al. , 1971). Experiments 106 and 107 
received 10 and 8 egg masses per plant, respectively; Experiments 59 and 60 re-
ceived 16 egg masses per plant; replications 1 and 2 of Experiment 72 received 16 
egg masses per plant and, replication 3, 14 egg masses per plant. (An egg mass 
had approximately 25 eggs .) Infestations were started when a plot had 50% of its 
plants at the pollen-dehiscence stage; two egg masses were applied per plant at 1-
or 2-day intervals. 
Approximately 50 to 60 days after egg hatch, the stalks of 10 plants per plot were 
dissected longitudinally to evaluate second-brood damage. The criterion for evalua-
tion was the number of larval cavities in the stalk. A cavity 2. 5 cm long was counted 
as one cavity; a cavity 15 cm long was counted as six cavities; therefore, cavities per 
plant are cm of damage in the stalk (Pesho et al., 1965). Also, in Experiment 72 
plant height to the collar of the top leaf was measured on 10 competitive plants per 
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plot. Dehiscence was recorded as the date when 50% of the plants in each plot were 
in the pollen-shedding stage. 
The initial statistical analysis of the second-brood data was to assess the varia-
tion among the nine generations, which were considered as fixed entries. If the 
initial analysis of variance indicated differences among generations, successive 
genetic models were fitted to explain differences among generations on the basis 
of kind of genetic effects. We used the generation-mean analysis presented in detail 
by Hayman (1958, 1960) and used Gamble's (1962) notation in defining the parameters: 
m =mean based on the F2, 
a= pooled additive effects, 
d = pooled dominant effects, 
aa = pooled additive x additive epistatic effects, 
ad= pooled additive x dominant epistatic effects, and 
dd = pooled dominant x dominant epistatic effects. 
Following the matrix notation used by Darrah and Hallauer (1972), we relate the 
parameters to the generations as follows: 
Y= XB where 
P1 1. 0 1. 0 -0.5 1. 0 -1. 0 0.25 
P2 1. 0 -1. 0 -0. 5 1. 0 1. 0 0.25 
Fi 1. 0 0.5 0.25 m 
F2 1. 0 a 
Y= BC1 x= 1.0 0.5 0.25 B= d 
BC2 1. 0 -0.5 0.25 aa 
F3 1. 0 -0.25 0.0625 ad 
BS1 1. 0 0.5 -0.25 0.25 -0.25 0.0625 ddJ 
BS2 1. 0 -0,5 -0.25 0.25 0.25 0.0625 
B = (X'X)-1X1Y 
Two successive regression models were fitted by using components of this matrix. 
The first regression model, defined as Model 1, consisted of the first three columns 
of the coefficient matrix and the three parameters, m, a, and d. If the residual 
mean squares after Model 1 was fitted were significant, then Model 2, which includes 
the entire ~-matrix and all six parameters, was applied to the generation-mean 
data. Also, we predicted values for each generation by using the model which best 
fit the data. 
Experiment 72 was designed so that genetic variances could be estimated from 
a random set of 200 F3 lines, 100 BS1 lines, and 100 BS2 lines from the B52 x Oh43 
cross. Variation among entries within blocks was partitioned for each generation, 
and, because of heterogeneity of the error variances, the appropriate error mean 
square of each generation was used to make the F-test. The genotypic variance for 
each population (F3 = 1, BS1 = 2, and BS2 = -3) was estimated as: 
~· = MSj_ - MS(Ei), where #g. =genetic variance among progenies, MS= mean 
squad~s, i = 1(F3), 2(BS1), 3(BS2), E = error, and r =number of replications. The F3 genotypic variances were used to estimate heritability on a progeny-
mean basis. Because the F3 variance contained some nonadditive variance and may 
be biased by genotype x environment interaction, this is a ''broad sense" heritability. 
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""'2 
By the method presented by Warner (1952), additive genetic variance, <ral, was 
estimated from the variances within the F2, BCi, and BC2 generations. Heritability 
in the "narrow sense" was then estimated on an individual-plant basis as: 
/\ 2 
A era 1 2 2 
h2 = VwF
2 
(per-plant basis), where VwF2 = 6a +°ct + Ew. 
(VwF2 =variance among F2 plants,<J ·~ =additive variance,<5~=dominance variance, 
and Ew = within plot environmental variance or nonheritable component.) 
The value for the additive variance in the F3 generation was estimated as: 
&2 = 2(cJ2 ) - (6 2 + 6 2 ) 
a2 gl g2 g3 • 
&! 1 and O-a22 are estimates of the same population, but are based on variance among 
F2 plants and among F3 lines, respectively. Also, similar algebraic manipulations 
were used to calculate dominant variances, e.g.: 
&2=4[(<12 +cr2)-62]. 
d g2 g3 gr 
Herita:bilitX ~n the "narrow sense" was then estimated on a progeny-mean basis by: 
" <1a2 2 2 h2 = __ , where VbF3 = era + ;!- crd +Eb and VbF3 is the variance among F3 
VbF3 
progenies and ~ is a nonheritable component. 
A weighted-average estimate of o; (avg .. o ;) was desired for predicting genetic 
gains and was calculated as: ,.., 2 ,,.. 2 
..... 2 s2cra1 + s 16a2 
avg. c.Ja = --:...-----
where s 1 = SE(cra~ ) and s 2 = SE('<Ja22 ). 
Parent-progeny regression also was used to estimate the heritability from the 
second-brood data. The mean of each F3 family was regressed on its F2 parent. 
Also, since the F 2 and F3 data were obtained in different years, which may have introduced a particular type of genotype x environment interaction, the standard 
unit heritability as proposed by Frey and Horner (1957) was obtained by calculating 
the parent-progeny regression on coded data. D x I - x1 
The "realized" heritability was estimated as: h 2 = __g_ = s 2 , 
D1 - = Xs - X1 
where D1 = selection differential between a selected sample mean 
(Xs) and the overall mean (X 1) of the F 2, 
and D2 = differential (obse~ed gain) between the mean of the selfed progenies of '.Xs (Xk) and the overall mean (X2) of the F3. The selection intensity was the top 10% of 
the F population. 
EJl:imates of genetic gain were calculated by using appropriate modifications of 
the formula given by Eberhart (1970): 
2 
AG= ko-gl 
2 , 
y C5ph) ~ 
in the breeding method, and 
, where.AG 
k 
<J21 g 
y 
62 
ph 
=estimate of genetic advance, 
= selection differential, 
= additive genetic variance, 
= number of years per cycle 
= phenotypic variance. 
Correlations were calculated for cavities per stalk, plant height, and date of 
pollen dehiscence in Experiment 7 2. 
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RESULTS AND DISCUSSION 
The analyses of variance for mean number of cavities per stalk in the five experi-
ments are presented in Table 1. Because the variation among generation means was 
highly significant in all experiments, the generation-mean analyses were carried out 
by unweighted least squares in Experiments io6, io7, 59, and 60, and by weighted 
least squares in Experiment 7 2. 
The reduction in sums of squares, resulting from fitting a and d combined and 
singularly, was highly significant in all experiments. Reduction from fitting additive 
genetic effects exceeded the reduction due to fitting nonadditive genetic effects by at 
least tenfold in most instances. This illustrates the greater relative importance of 
additive as compared with nonadditive genetic effects conditioning resistance to 
second-brood European corn borer for the four crosses evaluated, and generally 
supports the genetic interpretations by Jennings et al. (i974). 
No epistasis was indicated in B52 x B39 (Experiment i07). The variation among 
generations was much less in this cross than in the other crosses. There was sig-
nificant evidence for epistasis in the other crosses, but the evidence was strongest 
in B52 x WF9 (Experiment 60) . The six-parameter model was not adequate to ex~ 
plain the genetic variation in terms of only two loci in the B52 x WF9 cross, thus 
implying a more complex mechanism than in the other crosses. 
Estimates of genetic parameters were calculated by using Model i or Model 2, 
as dictated by the test of significance for residual mean square, and are presented 
in Table 2. Additive effects were negative and highly significant in all experiments; 
dominant effects were negative and significant in all instances, which indicates some 
dominance for resistance in all crosses. Significant additive x additive and additive 
x dominant types of epistasis were detected more frequently than the dominant x 
dominant type, but no uniform trend relative to magnitude or sign can be established 
with only four different crosses. 
The observed and estimated generation means for number of cavities per stalk 
are presented in Table 3. Correlation coefficients between the observed and pre-
dicted values ranged from 0. 942 to O. 999. Levels of infestation were considerably 
higher in Experiment 7 2 than in the other experiments. Resistance was dominant 
to susceptibility in the Fi generation in all experiments. Inbred B39, P2 in Experi-
ment io7, probably has some genes for resistance, and this may be the reason that 
epistasis was not detected in this cross. The F2 and F3 generations in B52 x L289, 
B52 x B39, and B52 x Oh43 (Experiments 59 and 72) exhibited some degree of pheno-
typic dominance, but in Bo2 x WF9, these generations were much more susceptible 
than expected on the basis of the Fi generation. 
Genotypic and phenotypic correlation coefficients for plant height and dehiscence 
date with number of cavities per stalk among F3, BSi, and BS2 lines in B52 x Oh43 
(Experiment 72) are presented in Table 4. There was a stronger, negative associ-
ation for number of cavities with dehiscence date than with plant height. If plant 
height and resistance factors were in genetic equilibrium, one would expect positive 
genotypic and phenotypic correlations between height and cavity count. Instead, the 
association was negative and more strongly so in BS2, which had lines that were 
selfed progenies of backcrosses to the shorter, earlier, susceptible parent. 
Later lines generally were taller and had fewer borer cavities per stalk. The 
resistant parent, B52, is tall and late-maturing and transmits dominance of re-
sistance in hybrid combinations. Genes conditioning resistance in B52 x Oh43 
(Experiment 72), however, seem more closely associated with maturity genes than 
with genes controlling plant height. Multiple correlations for number of cavities 
per stalk with both plant height and dehiscence date were highly significant among 
lines in all groups. 
The analysis of variance for mean number of cavities per stalk in B52 x Oh43 
(Experiment 72) is shown in Table 5. Estimates of phenotypic variance and com-
ponents of the genotypic variance are summarized in Table 6. 
The reliabili1)7 of heritability estimates depends upon the estimates of genetic 
variance, i.e., <T~ and <1~. The standard error of the additive genetic variance, 
Table 1. Analyses of variance for mean number of cavities per stalk among nine generations in five experiments. 
Mean squares M.S. 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Source d. f. B52 x L289 B52 x B39 B52 x Oh43 B52 x WF9 d. f. B52 x Oh43 
Replications 9 1. 80 2.45 4.80 16.19 14 71. 31 
Generations 8 145. 74** 62. 01 ** 214.97** 134.86** 8 1236.57** 
a, d 2 575.13** 244.98** 832.72** 407.67** 2 4876. 67** 
a 1 1087.21** 457.47** 1415.22** 767.60** 1 8946. 90** 
d 1 64.11* 32.50** 350. 22** 47. 74** 1 806. 45** 
Residual 6 2.48* 1. 02 9.06** 43. 92** 6 23.07* 
Epistasis 3 3.81* ... 11. 78** 47.42** 3 32.30* 
Deviations 3 1. 14 ... 6.34 40.32** 3 13. 83 
Error 72 1. 09 1. 36 2.50 3. 06 1267 9.54 
CV(%) 19. 8 27. 2 24.2 24. 8 29. 8 
*, ** Significant at the 5 and 1 % levels, respectively. 
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Table 2. Estimates of genetic effects and standard errors for mean number of cavities per stalk by using appropriate 
3-parameter (Model 1) or 6-parameter (Model 2) model. 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
Parameters B52 x L289 B52 x B39 B52 x Oh43 B52 x WF9 B52 x Oh43 
m 4. 60 ± .16 4. 00 ± .14 5.43 ± • 24 8. 04 ± • 27 8. 37 ± • 20 
a -5. 98 ± .42 -3. 90 ± • 21 -5.10 ± • 81 -3. 50 ± .70 -6. 65 ± • 54 
d -1. 52 ± • 65 -2. 60 ± .42 -4. 31 ± • 81 -7. 07 ± 1. 09 -7. 97 ± . 83 
aa 1. 50 ± • 64 1. 56 ± • 97 -5. 02 ± 1. 07 -1. 57 ± . 81 
ad • 05 ± .50 2. 35 ± .76 2. 08 ± • 84 1.46 ± • 64 
dd - .40 ± 1.56 - . 68 ± 2. 37 1. 57 ± 2. 62 1. 79 ± • 99 
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"" Table 3. Summary of observed (Y) and estimated (Y) generation mean number of cavities per stalk in five experiments. 
Exp. 106 Exp. 107 Exp. 59 Exp. 60 Exp. 72 
B52 x L289 B52 x B39 B52 x Oh43 B52 x W,f9 B52 x 09_43 
Y(2)* "' Y(2)* Generation y y Y(l)* y y Y(2)* y Y(2)* 
pl . 76 .73 • 96 1. 13 1. 59 1. 52 1. 51 1. 37 4.49 3.12 
P2 12. 70 12. 79 9. 04 8. 93 16. 69 16.42 13.19 12. 53 20.19 19.34 
Fi 3.77 3.74 3.04 2. 97 2. 99 3.10 4.63 4.90 4. 81 4.83 
F2 4.57 4.60 3. 97 4. 00 6. 16 5.43 10.31 8. 04 8.43 8. 37 
BC1 2. 05 1. 98 2. 39 2. 05 3. 04 3.27 4.18 5. 04 4. 89 4. 65 
BC 2 7.78 7.97 5. 36 5. 95 8.52 8.37 8. 73 8.54 11. 91 11. 30 
F3 4.72 4.96 4.52 4.52 6. 83 6.46 10.32 9. 91 10. 71 10.47 
BS! 2. 31 2. 33 2.46 2.56 3. 46 3. 72 6.15 6. 38 6. 90 6. 39 
BS2 8. 82 8. 33 6. 76 6. 46 8. 99 9.99 8.59 10.92 13. 54 13.77 
* (1) and (2) indicate use of Model 1 or Model 2 for predictive purposes. 
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Table 4 . Genotypic and phenotypic correlation coefficients for plant height (X1), 
dehiscence date (X2), and number of cavities per stalk (Y) among F3, 
BS1, and BS2 lines in B52 x Oh43. 
Generations and 
traits correlated 
Among F3 lines 
Among BS1 lines 
ryx1 
ryx2 
Among BS2 lines 
Genotypic 
correlation 
-.26 
-.22 
.40 
-.11 
-.27 
.31 
-.68 
-.49 
• 64 
*, ** Significant at the 5 and 1% levels, respectively. 
Phenotypic 
correlation 
-.09 
-.33** 
• 22** 
-.03 
-.38** 
.17 
-. 24** 
-.53** 
.18 
"Cri, for the B52 x Oh43 cross, was exceedingly large for the F2 and F3 generations. 
We believe that the method used in plant and plot evaluations may be the main cause 
of the high error value. If so, a refinement in the technique of counting cavities 
would lower the experimental error appreciably. If two individuals counted the 
cavities in all plants of a replication, each counting an equal number of plants per 
plot, error due to different individuals would be minimized. Differences among 
individuals are probably nil when the number of cavities is low, i.e., up to 10 per 
stalk. With higher number of cavities per stalk, however, there is much more inter-
mingling of the cavities, and the counts of individuals will vary because of differences 
in what each considers a cavity. An ideal method would be for one individual to make 
all the counts in a replication, but this is not an expedient procedure for the time-
consuming job. 
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Table 5. Analysis of variance for mean number of cavities per stalk for B52 x Oh43 
(Experiment 7 2). 
Source d.f. Mean squares 
Replication 2 2.34 
Blocks/reps 12 82.23 
Among entries/blocks 425 39.69** 
Among F3's/ blocks 195 19.65** 
Among BS1's/blocks 95 10. 04** 
Among BS2's/blocks 95 21. 90** 
Among gen. / blocks 40 240.11** 
Error (pooled) 850 6.01 
Error (F3's) 390 7.06 
Error (BS1's) 190 2.96 
Error (BS21s) 190 7.40 
Residual error 80 4.89 
** Significant at the 1 % level. 
Table 6. Estimates of phenotypic and genetic variances in six generations of B52 x 
Oh43 and three generations of B52 x WF9. 
Generations ~* ph ..... 2 erg (3-:2+ !8; 2 a d ,.. 2 a a 
B52 x Oh43 
F2 9.531 2.497 2.137 ± 2. 63 
BC1 5. 041 
BC2 11.884 
F3 6.584 4.197 1. 200 ± 1. 80 
BS1 3. 256 2.361 
BS2 7.083 4.833 
B52 x WF9 
F2 13.198 12. 000 ± 3. 12 
BC1 2.755 
BC 2 11. 642 
* 0-~h =total variance among plants for F2, BC1, and BC2; 
and = <J~. + cr~i/ where i = l(F3), 2~S1), and 3(BS2); 
1 
r and r = number of replications. 
"'2 
O' d 
11.988±5.46 
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Estimates of heritability for the F2 and F3 generations of B52 x Oh43 andF2 of 
B52 x WF9 are presented in Table 7. The estimate, by use of components of vari -
ance for F3 progenies, was considerably larger than the estimate based on re-
gression. Use of the standard units gave an estimate that varied little from the 
estimate based on actual values. This means that an expansion effect did not occur 
because of the F 2 and F3 being grown in different environments. The "realized" 
heritability estimate agreed closely with the estimates by regression, but not with 
the estimate based on the components of variance. The Warner method, which 
gives an estimate based on&~, had a value lower than, but of similar magnitude to, 
the regression and "realized" estimates. The estimate based on the variance-
component method probably is inflated because of genotype x environment inter-
actions and nonadditive gene action contributing to differences among F3 progenies. 
The heritability estimate for second-brood resistance was much higher in the 
B52 x WF9 cross than in the B52 x Oh43. The 8'~ value was considerably higher 
in B52 x WF9. 
In general it seems that the parent-progeny regression method which used &tt 
+ i&i may have provided better estirates of heritability than did the method that 
used a~. The estimated value for~ a+ icra, Table 6, may more closely approxi-
mate C1 a than does the actual estimate of er[ using Warner's method. The esti-
mate of cra that was available on a progeny-mean basis was significant, although 
the error value was high. The generation-mean analysis, Table 1, indicates that 
epistatic variance probably was not an important source of inflation in the B52 x Oh43 
cross, but may have been responsible for significant inflation of heritability esti-
mates in the B52 x WF9 cross. 
Estimates of genetic gain from selection in the F2 and F3 generations of B52 
x Oh43 and in the Fz generation of B52 x WF9 are presented in Table 8. All astJ:.-
mates of genetic gain in the F2 generation were made by using full mass selection 
as the breeding method. Tull mass selection implies selection among selfed plants, 
with selection made after anthesis; hence c = 1. Random recombination of progenies 
from the selected plants is accomplished during the winter nursery, and full mass 
selection is implemented the following summer, thus completing one cycle per year; 
hence, y = 1. 
Estimates of genetic gain in the B52 x Oh43 cross were calculated by substi-
tuting both estimates, avg. &~and&~ +i'O"a. into the genetic-gain formula. Esti-
mated reductions in number of cavities per stalk per year were O. 90 and 1. 42, re-
spectively, with a 10% selection intensity, and O. 71and1.13 with a 20% selection 
intensity. This seems a slow rate of improvement; it would take several gener-
ations to reduce the population mean from the F3, 10. 71 cavities per stalk, to a 
value approaching B52, 4. 49 cavities per stalk. With mass selection it would be 
relatively easy by using a larger population to have a selection intensity of 5% or 
even lower, and this would enhance the genetic gain per cycle. A high selection 
intensity, however, increases the probability of losing some genes for resistance 
by genetic drift. 
Predicted reductions in cavity count in the B52 x WF9 cross were very high. 
Estimated reductions in number of cavities per stalk per year with full mass selec-
tion were 5. 78 and 4. 62 for 10% and 20% selection intensities , respectively. Con-
ceivably, the high predicted gains in this cross may have been inflated by epistasis. 
All estimates of genetic gain in the F3 generation were based on the evaluation of 
F3 families in replicated trials (selfed-progeny evaluation). Remnant seed of the 
selected families is planted in the winter nursery, and random recombination is 
effected among the families. Random plants are selfed in the summer, and their 
selfed progenies are then evaluated the next summer, thus completing one cycle of 
selection in 2 years (y = 2). The predicted gain in number of cavities per stalk, 
based on average 6 ~. were O. 54 and O. 43 cavities per year with selection intensi-
of 10 and 20%, respectively. 
A comparison of predicted genetic gains by using full mass selection and selfed 
progeny indicates full mass selection to be the more efficient method on a per-year 
basis. On a per-cycle basis, the selfed progeny selection gave a slightly greater 
Table 7. Estimates of heritability (%) for F 2 and Fa generations of B52 x Oh4a and F2 generations of B52 x WF9. 
Cross and 
generation 
B52 x Oh4a 
F2 
Fa 
B52 x WF9 
F2 
"2 O"g 
cov 
(l)* 
64 . 1 
Type of heritability, parameter used, 
and method used for estimation 
Broad sense 
er~+~&~ 
Regression 
(2)* 
26. 2 ± • 06 
Standard 
units (2)* 
al. 7 ± • 07 
* (1) heritability based on a progeny mean basis; 
(2) heritability based on an individual plant basis. 
Narrow sense Realized 
a-~ 10% 
Warner method selection intensity 
(2)* (l)* (2)* 
22.4 30.7 
18. 2 
90.9 
N 
..... 
oc 
._ 
~ 
z 
z 
... 
z 
C1 
!:'> 
~ 
c:: 
"' 
"' ~
F 
C1 
c:: 
~ 
::t: 
~ 
... 
S'1 
II> 
::s 
i::i... 
C1 
~ 
... 
z 
~ 
~ 
t"4 
> z 
~ 
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gain, but this method requires 2 years per cycle as compared with one year for full 
mass selection. We cannot conclude which method would be more effective and effi-
cient because predicted gains were calculated with erratic and unreliable estimates 
of er~. 
The distribution in the F3, BS1, and BS2 segregating generations indicated no 
simple genetic basis for resistance to second-brood European corn borer and sug-
gested that high resistance may be the resultant cumulative effect of an unknown 
number of loci. If 50% of the phenotypic variation is attributed to nonheritable 
factors, however, then the confounding effect may cause simple inheritance to ap-
pear quantitative. 
The generation-mean analyses of four biparental crosses, all with B52 as the 
resistant parent, gave evidence that additive genetic effects were predominant in 
conditioning resistance; dominance was significant in all crosses, but epistatic ef-
fects were minor in most crosses. We cannot conclude, however, that such gene 
action would be expected consistently in crosses not including B52. Even though the 
three-parameter model (m, a. d) was adequate to explain the genetic variation in 
three crosses, this does not imply that only one locus is involved in second-brood 
resistance. Several loci may be involved, but exhibit no significant interlocus inter-
action. 
The population sizes used in these experiments were in agreement with sug-
gestions by Marquez-Sanchez and Hallauer (1970) for estimating genetic variances 
in maize, but may not have been adequate in this study. In their studies they were 
concerned with the variation of traits for only one organism, maize. Perhaps a 
larger population is needed in estimating genetic variances for insect resistance in 
maize because the breeder is concerned with two organisms, each subject to its own 
environmental variation. Also, better precision in plot technique should assist in 
obtaining better estimates of genetic variances. 
Susceptibility to second-brood European corn borer seems the most common 
situation in Corn Belt maize genotypes; consequently, breeders will be interested 
in transferring resistance from lines, such as B52, to elite parental lines. Inbred 
B52 has a much higher resistance than any other line that we have studied, and in 
most crosses, the resistance is partially dominant. Probably several loci are in-
volved in B52; thus, a simple backcross procedure would not be adequate. Perhaps 
alternate backcross and selfing generations with relatively large populations would 
Table 8. Estimates of genetic gain from selection in the F2 and F3 generations of 
B52 x Oh43 and F2 generation of B52 x WF9 (expressed on a per-year 
basis). 
Cross and method 
of selection 
B52 x Oh43 
Tull mass 
Selfed progeny 
B52 x WF9 
Tull mass 
10% 20% 
-1. 42 -1. 13 
,... 2 
Avg. O' a 
10% 20% 
-0.90 -0.71 
-0.54 -0.43 
-5.78 -4. 62 
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be satisfactory to transfer the B52 resistance. The breeder needs artificial in-
festation with judicious use of egg masses to identify the resistant progenies. It is 
very doubtful that any success can be achieved if one has to rely on natural insect 
populations. 
Because additive genetic variation seemed the major type, an efficient, long-term 
breeding program would be one (such as mass selection or recurrent selection) that 
would allow for the accumulation of desirable alleles at numerous loci in a breeding 
population. As suggested by Jennings et al. (1974), the improvement should be for 
both first- and second-brood resistance, thus developing a population that has re-
sistance for the whole life of the plant. Perhaps a scheme in which selection is for 
first-brood resistant S0 plants one year, followed by self-progeny selection for both 
broods the second year, may be the most effective procedure. We have initiated a 
program of this type. 
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